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HELMINTH PARASITES REPTILES, BIRDS, AND 
MAMMALS EGYPT 


FOUR NEW SPECIES OXYURID PARASITES FROM 


IV. 


BELLE 


Abstract 


Four new species oxyurid parasites from Egyptian reptiles are described, 
namely: Thelandros cameroni, Thelandros Spinicauda grimmae, and 
pharyngeodentata. 


Among the numerous nematode parasites collected from lizards Egypt, 
under the direction Dr. Robert Kuntz, United States Naval Medical 
Research Unit No. Cairo, Egypt, were several species oxyurids which 
appear new science. The author wishes thank Dr. Kuntz for 
making these specimens available. 

The helminth fauna Egyptian reptiles has received little attention 
recent times. Railliet and Henry (6), Seurat (8), and Baylis (1) described 
several species nematodes from North African reptiles, mostly the 
genera Agama and Scincus. The author has examined material from eight 
different genera from which the following species Thelandros were recovered: 
alatus (Wedl), micipsae (Seurat), cinctus (v. Linstow), 
(Chatterji), cameroni, and kuntzi. these, the last four species are 
reported for the first time from Egyptian reptiles. 


Thelandros cameroni nov. 

Twenty-one males and females were examined. both sexes, the 
body tapers slightly towards the extremities. The cuticle thick and 
transversely striated, while the mouth terminal and surrounded three 
simple bilobed lips. There cylindrical and muscular oesophagus ending 
posterior the male there are three pairs caudal papillae 
which one pair preanal and sessile and two pairs are postanal and pedun- 
culated. The postanal pair much larger than the other (Fig. 1). Caudal 
alae are present but not extend far the last pair postanal papillae. 
Narrow lateral alae are also present; these begin from the level the oesopha- 


1Manuscript received December 17, 1956. 

Contribution from the Institute Parasitology, McGill University, Macdonald College 
P.O., Que., Canada, with financial assistance from the National Research Canada. 
survey has been made possible the co-operation Dr. Kuntz and Mr. Harry 
Hoogstraal, and the technical assistance Mr. Malakatis, all the United States 


Naval Medical Research Unit No. Cairo, Egypt. 
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geal bulb and run posteriorly join the caudal alae. There single 
spicule, the anterior end which round and the posterior end pointed. 
The tail short and pointed (Fig. 1). 

the female, the vagina runs obliquely posterior and serrated along 
its borders (Fig. The vulva itself small. There are numerous ova 
(Fig. 4), some which are embryonated. The tail (Fig. conical. 
Measurements both the male and the female are expressed Table 


TABLE 
MEASUREMENTS (IN MM.) FOR Thelandros cameroni AND kuntzi 


cameroni kuntzi 
Male Female Male Female 
Total length 2.34 3.28 2.23-2.65 
Greatest width 0.20 0.31 0.20 0.39 
Anterior end end 
oesophagus 0.58 0.67 0.62 0.80 
Anterior end nerve ring 0.14 0.15 0.14 0.16 
Anterior end excretory 
pore 1.00 1.18 1.03-1.61 
Anterior end vulva 1.61 2.43 
0.095 0.058 
0.052 
0.054 
Nature the tail Short and Short and 
pointed conical towards conical 
terior hal 


This species most closely resembles Thelandros maplestoni Chatterji (2, 
4). The differences lie the fact that cameroni has caudal alae, while 
maplestoni has not. The ovarian tubes cameroni are postbulbular; 
those maplestoni are coiled about the oesophagus immediately anterior 
the bulb. Sandground (7) and Malan (4) have attributed much signifi- 
cance the position the ovarian tubes separating species. The presence 
caudal alae specific importance caudal alae are recorded one 
other species, taylori (2), from which this species differs the length 
half long. According Baylis (2), the ovarian tubes taylori are 
coiled both sides the oesophageal bulb. 

Hosts: Chalcides sepoides and Scincus sp. 

Habitat: Large intestine. 

Locality: Bergel Arab, Faiyam Province, Egypt. 

Type specimen: U.S. National Museum, Helminthological Collection, 
Washington, D.C. 


Thelandros sp. nov. 
The material examined consists males and females. The body 


has thick cuticle, which transversely striated. There are lateral alae. 
The mouth terminal and surrounded three simple bilobed lips. 
very short pharynx present. the male, the oesophageal bulb slightly 
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smaller than the anterior bulge the intestine. are three pairs 
caudal papillae—one preanal, which sessile, and two pairs postanal, which 
are pedunculated. There are caudal alae this species. The spicule 
short and tapers fine point towards both ends. The tail curved 


sharply towards its posterior half (Fig. 5). 


Fic. 
Fic. 


Fic. 
Fic. 


O10 


Thelandros cameroni, posterior region male, lateral view, 
cameroni, posterior region female, lateral view. 

cameroni, vagina, lateral view. 

cameroni, ova. 

kuntzi, posterior region male, lateral view. 

kuntzi, posterior region female, lateral view. 

kuntzi, vagina, lateral view. 

ova. 
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the female, the vulva has distinct prominence. opens into short 
muscular vagina (Fig. 7), which runs anterior for short distance before 
dividing into two divergent branches. The ova (Fig. are numerous and 
many them have reached advanced stage segmentation. There 
short conical tail (Fig. Measurements for this species are summarized 
Table 

This species differs from others the genus (except that the 
vagina runs anteriorly before dividing into divergent uteri. differs from 
taylori the absence caudal alae the male, and the size the ova, 
which are much larger taylori the coils the ovarian 
tubes are each side the oesophageal bulb (2). 

Host: Agama sp. 

Habitat: Large intestine. 

Locality: Wadi Faran, Egypt. 

Type specimen: U.S. National Museum, Helminthological Collection, 
Washington, D.C. 


Spinicauda sp. nov. 

Six males and females this nematode were examined. The cuticle 
both sexes very finely striated. There are lateral alae either sex. 
The mouth guarded three simple lips. very short pharynx present 
(Fig. The muscular oesophagus cylindrical, ending spherical bulb, 
which not separated from the rest the oesophagus any constriction. 
The anterior part the intestine smaller than the oesophageal bulb 
both the male and the female. The male 4.38 mm. long and 0.49 mm. 
maximum thickness. The oesophagus 0.72 mm. long, the cylindrical 
anterior part being 0.59 mm. The nerve ring and excretory pore are 0.28 
and 0.49 mm., respectively, from the anterior extremity. There are two 
subequal spicules, 0.26 and 0.28 mm. long (Fig. 9); the left spicule slightly 
curved towards the ventral side the worm, and its root somewhat broad- 
ened and bifurcated. There club-shaped gubernaculum, 0.12 mm. long 
(Fig. caudal papillae are many and sessile; one pair lies immediately 
front the cloacal sucker. There are four preanal, one adanal, and eight 
postanal pairs, two which are towards the tip the tail. The distance 
from the anus the tip the tail 0.31 mm. The cloacal sucker has 
diameter 0.04 mm. (Fig. 9). 

The female 5.95 mm. long and 0.43 mm. maximum thickness. 
tapers gradually towards the extremities. The oesophagus 0.88 mm. 
long, including the bulb, which 0.12 mm. 0.14 mm. wide. There 
short pharynx, which 0.06 mm. length. The nerve ring surrounds the 
oesophagus distance 0.35 mm., while the excretory pore 0.45 mm. 
from the anterior extremity. There slight prominence the vulva, 
which about 2.98 mm. from the anterior end the body. The vagina 
runs slightly forward from the vulva, then turns posteriorly, coiling few 
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Fic. Spinicauda grimmae, posterior region male, lateral view. 

Fic. grimmae, posterior region female, lateral view. 

Fic. grimmae, head male, lateral view. 

Fic. pharyngeodentata, posterior region male, lateral view. 
Fic. 13. pharyngeodentata, posterior region female, lateral view. 

Fic. pharyngeodentata, head, lateral view. 

Fic. 15. pharyngeodentata, oeosphageal bulb, lateral view. 

Fic. 16. pharyngeodentata, excretory pore, lateral view. 


times itself. The ova are few number, undeveloped and spherical 
shape, varying size from 0.068 0.076 mm. 0.060 0.070 mm. 
The tail 0.40 mm. long (Fig. 10). 

This species most closely resembles Spinicauda japonica Wilkie, 1930 (11). 
They differ remarkably the length the spicule, size the ova, and the 
distribution and number anal papillae. The spicules grimmae are 
0.26 and 0.28 mm. long contrast with 0.48 0.54 mm. japonica. 
The ova grimmae are 0.068 0.076 0.060 0.070 mm., whereas 
has two preanal pairs papillae (1); grimmae has four preanal pairs 
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papillae. Other differences lie the position the vulva and the character 
the tail the female. japonica recorded from amphibian, Bufo 
vulgaris japonicus. Because these differences, this species regarded 
new. 

Host: Scincus officinalis. 

Habitat: Large intestine. 

Locality: Arish, Egypt. 

Type specimen: U.S. National Museum, Helminthological Collection, 

Washington, D.C. 


Aplectana pharyngeodentata sp. nov. 

Six males and females have been examined. The body both the male 
and female transversely striated, and lateral alae extend throughout the 
greater part its length. The head retractile, particularly the female. 
There are three simple lips. vestibule and pharynx are present. The 
entrance the pharynx armed with three large teeth (Fig. 14). There 
subglobular oesophageal bulb, separated from the rest the oesophagus 
slight constriction (Fig. 15). 

The male measures 3.9 4.5 mm. length and about 0.3 mm. maxi- 
mum thickness. The oesophagus 0.79 long, including the pharynx, which 
0.06 mm. length. The bulb the oesophagus 0.14 mm. diameter; 
has ventricular opening. The nerve ring about 0.28 mm. from the 
anterior extremity. The excretory pore conspicuous aperture anterior 
the oesophageal bulb (Fig. single papilla lies close all the 
specimens observed. There are two equal spicules, which vary length 
from 0.38 0.42 mm. club-shaped gubernaculum, 0.18 mm. long, 
present (Fig. There are least pairs papillae which six are 
postanal, two adanal, and three preanal. The tail 0.14 mm. long (Fig. 12). 

The females vary length from 4.7 mm. 6.1 mm. and have maximum 
width 0.38 mm. The body tapers gradually towards the posterior ex- 
tremity. oesophagus 0.94 mm. long, including the bulb, which 
0.16 mm. length. There distinct pharynx, 0.08 mm. long. The 
nerve ring and excretory pore are 0.34 and 0.55 mm., respectively, from the 
anterior end. The vulva situated about the middle the body, while 
the vagina runs anteriorly from the vulva for short distance, then turns 
posteriorly and divides into two opposing branches. There are few embryo- 
nated, irregularly shaped ova, which measure 0.16 0.12 mm. The tail 
0.5 mm. long (Fig. 13). 

This species most closely resembles Oxysomatium Karve, 1927 
(2), but differs from the pharyngeal structure, the nature the tail, 
which long and sharply curved the cloacal region macintoshii, the 
number caudal papillae the male, and the irregular shape the ova. 
Moreover, found frogs. Aplectana pharyngeodentata 
differs from other members the genus (5, 10, 12) chiefly the size the 
ova and the presence armed pharynx. view this finding, 
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suggested that the generic diagnosis after Yorke and Maplestone (12) include: 
with without teeth, and ova irregularly shaped”’. 


Hosts: Chalcides delislii, sepoides, and Scincus officinalis. 

Habitat: Large intestine. 

Locality: Arish, Amyriya, Egypt. 

Type specimen: U.S. National Museum, Helminthological Collection, 
Washington, D.C. 
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ACTIVITY THE SHORT-TAILED SHREW! 


Abstract 


The 24-hour activity Blarina brevicauda talpoides was recorded means 
tilting activity cages with the food and water placed (i) end farthest from 
the nest box and (ii) the nest box. The shrews were active the average 
less than 10% the time, although considerable variation occurred both within 
and between individuals. Activity continued throughout the hours with 
marked disturbances late afternoon and early morning, associated with the 
feeding times. individual daily records the activity often 
series short bursts. average length the bursts was minutes and 
the intervals between them minutes. Changing the position the food and 
water had little effect upon the 24-hour pattern. 


Introduction 


Most the information about 24-hour activity rhythms among insecti- 
vores has come from field studies such those Godfrey (3), Hamilton 
(5, 6), and Scheffer (12) moles and shrews. laboratory study activity 
rhythms some British shrews has been described Crowcroft (1) and one 
hedgehog activity Herter (7), but knowledge daily locomotor activity 
patterns this group meager compared with what known for the rodents. 
The present study concerns such activity patterns the short-tailed shrew, 
Blarina brevicauda talpoides (Gapper). 

Opinions field workers based trapping data indicate that the short- 
tailed shrew can found all times the day and night (4, 
spread activity through the whole hours also seen the laboratory 
study Pearson (9) where the oxygen consumption three shrews was 
measured continuously over the 24-hour period. Pearson’s data meta- 
bolism also show some evidence short cycle activity lasting about 
hours. Whether such short cycle reflected the locomotory activity 
the short-tailed shrew was one reason for the present investigation. Data 
has also been gathered the 24-hour rhythm order compare the activity 
pattern obtained laboratory cage with that suggested metabolism 
studies and the field work. 


Materials and Methods 


Activity was measured means tilting cage (Fig. supported 
the mid-point wire axle with the movements recorded electrically 
the smoked paper kymograph. The sensitivity each cage was made 
roughly the same weighting them that soon animal crossed the 
mid-point the circuit would closed. condenser prevented the continual 
discharge the battery should the circuit remain closed. 


1Manuscript received original form June 22, 1956, and, revised, November 21, 1956. 

Contribution from the Department Zoology, University Western Ontario, London, 
Ontario, supported part grant from the Research Council Ontario. Based 
thesis submitted P.M.M. partial fulfillment the requirements for the degree M.Sc. 
Zoology, 1954. 

2Department Zoology, University Toronto, Toronto Ontario. 

Zoology, University Western Ontario, London, Ontario. 
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ACTIVITY 
CAGE 


SIGNAL MAGNET 


4, 


LIZZ 


C777 


(1000 UF. 
6VOLTS) 


Fic. cage with circuit used for recording activity. 


Nine such cages, each with one set upon two shelves 
glass-fronted cabinet laboratory exposed normal daylight fluctuations. 
Temperature and relative humidity within the cabinet fluctuated with the 
levels the room. Activity was recorded with food and water present 
all times either one two positions the apparatus, the cage end and 
the nest box. the cage end the food was pressed against the wire mesh 
and held place metal flap. The animals were able eat the food 
through the mesh but unable carry quantities back into the nest box. 
The shrews were fed Pearson’s (10) mixture consisting equal parts raw 
hamburg, raw ground liver, and Gaines dog meal. Chosen for convenience 
only, the feeding times were 9.00 a.m. (when the kymograph record was 
changed) and again between 4.00 and 5.00 p.m. 


Results 


obtaining quantitative measure the activity would have been 
most useful count each the recorded contacts the smoked drum. 
However the drum was moving slowly (3.2 cm. per hour) and the contacts 
were often made rapidly that successive traces the drum overlapped. 
Instead, the record was marked off half-hour intervals and count made 
the number 1-millimeter (1.9 minutes) periods which activity 
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traces occurred during each half-hour. With the drum moving the above 
speed then the maximum activity per half-hour would measured 16. 
Such method, which does not give exact count cage movements, 
useful for the study gross activity patterns but not for detailed analysis 
amount and distribution activity. 


Activity for 24-hour Period 

Fourteen consecutive 24-hour records were obtained for each the shrews 
with the food and water the cage end, and from these the average 24-hour 
activity was determined (Table I). evident that activity the nest 
box either end the cage could not measured and hence the record 
can considered only index the activity pattern. 


TABLE 


AVERAGE 24-HOUR ACTIVITY NINE Blarina OVER PERIOD DAYS 
(FOOD AND WATER CAGE END) 


Shrew 
1 2 3 4 5 6 7 8 9 Av. 
Activity mm. 56.3 31.4 76.8 87.4 113.3 55.3 65.1 69.2 69.3 
Per cent maximum 
(752 mm.) 7.5 4.2 10.2 11.6 25.1 7.3 8.7 9.2 9.2 9.2 


From observing the shrews the colony cages the impression was gained 
that these animals were incessantly active, for every few minutes shrew 
would emerge from its tunnel and begin the characteristic searching its 
environment. However when the actual 24-hour activity was expressed 
percentage the maximum possible (32 mm. per hour 23.5 hours) the 
shrews moved the activity cage the average less than 10% the time. 

The average hourly distribution shown Fig. period 
a.m. was not recorded, for was during this time that the record was changed 
and the cages disturbed; however that the following half-hour has been 


vt 

uj 2 

AM PM. AM 

HOUR 


Fic. Distribution over the 24-hour period the average hourly activity nine 
shrews recorded for days. 
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shown. The hours have been divided arbitrarily into night and day 
hours each (6.00 a.m.—6.00 p.m.) though the times used not actually 
correspond those sunrise and sunset, for the experiment was done 
the last part December and the first part January when, although the 
amount daylight remained fairly constant, the sun rose some hours 
later than 6.00 a.m. and set about hour earlier than 6.00 p.m. However 
the light early dawn and dusk might extend the day almost hours. 
measure was taken light variation. 

apparent that following a.m. the activity level rose 
gradually throughout the day peak between 4.00 and 5.00 p.m. and, 
except for the sharp drop the next hour, remained not far from this level 
for the remainder the night. one were use Pearson’s (9) method 
expressing the degree nocturnality the ratio the amount nocturnal 
diurnal activity, this figure would certainly greater than one. However 
some difficulty arises with respect the diurnal portion the record. 
has been stated that food was present the cages all times but owing 
its nature the meat mixture was replaced usually during the periods 9.00- 
9.30 a.m. and 4.30-5.00 p.m. When this happened the shrews were often 
disturbed. can seen Fig. that the hour succeeding each food 
replacement the activity fell very low level, 2.1% during 10.00 11.00 
a.m. and 2.2% between 5.00 and 6.00 p.m. Attention should also drawn 
the particularly high levels activity present the hours preceding the 
food replacement for, the three highest Fig. two them 
occur these times. 


DAY 


Fic. the daily kymograph records one shrew, No. 


9 12 3 6 9 12 3 6 9 
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evident that upon the diurnal activity pattern was impressed condi- 
tioning effect the feeding periods, the full extent which not known. 
The presence the effect was not realized until was not possible repeat 
the experiments. 


Short Activity Rhythm 

When the records individual shrew were examined (Fig. the 
locomotor activity through the cage was seen spread over the hours 
series short bursts. The records particular animal are shown 
here order demonstrate not only the characteristic bursts but also 
evidence periodicity their occurrence. This latter was not evident 
the records the remaining animals, although these did often appear 
for short intervals, particularly night. all cases during the day the 
bursts were not well marked and the activity appeared irregular intervals 
more diffuse pattern. 

attempt define the periodicity, the lengths the bursts and 
the rest periods between them were measured (Tables II, diffi- 
culty was experienced times fixing the limits burst and occasionally 
single isolated strokes the pen were not considered. Also only the activity. 
between 6.00 p.m. and 6.00 a.m. was examined. 


TABLE 
DISTRIBUTION LENGTHS ACTIVITY BURSTS FROM P.M. A.M. 


Length, mm. mm. 1.9 min.) 


Shrew 1-10 21-30 31-40 41-50 51-60 61-70 71-80 


Av. 
TABLE III 


DISTRIBUTION LENGTHS INTERVALS BETWEEN ACTIVITY BURSTS FROM P.M. A.M. 


Length, mm. (1 mm. = 1.9 min.) 
Shrew 21-30 31-40 51-60 61-70 71-80 81-90 
1 1 2 4 13 7 4 3 1 
2 2 2 y 
3 1 1 4 4 2 1 2 
4 5 5 3 
5 1 3 10 4 9 2 
6 2 10 7 7 6 6 6 
7 1 2 
8 2 7 8 19 18 12 6 5 2 1 
9 1 4 + 
Av. 
3 10 19 55 55 46 18 17 11 1 52 
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The variation between animals evident, not only the frequency 
occurrence this type pattern, but also the lengths the periods. 
While the majority bursts No. were less than minutes, No. often 
exhibited periods almost continuous activity which lasted for over hour. 
Disregarding the unequal contributions each animal the total, the average 
length all bursts observed mm. minutes. 

There less variation between animals lengths interval for all the 
shrews have the highest frequencies falling between and mm. The 
average all intervals observed mm. minutes, which just twice 
the length the average burst. Adding together the values for lengths 
burst and interval, the average period the short rhythm hours 
minutes. 


Effect Position Food and Water 

second 2-week experiment was run with food and water moved from 
the end the cage the nest box order discover any modification 
the rhythm resulting from such change. The water tube was supported 
the outside the box (Fig. while the food was placed the sawdust 
floor. 

There was little alteration either the amount the distribution the 
activity. The average 24-hour activity for all animals was somewhat less 
with food and water the nest box but four them actually had greater 
individual averages. The conditioning effect the feeding times was still 
present and parts the individual records the periodic nature the bursts 
activity was again apparent. 


Discussion 


not possible the present study obtain clear demonstration 
undisturbed activity pattern the short-tailed shrew over the 24-hour 
period, for the effect the two daily feeding periods very evident the 
record and the extent this effect not known. the average 
level nocturnal activity compared with that portion the diurnal 
record where the conditioning effect might minimum, viz. 
the result the laboratory study Pearson (9), where the oxygen consump- 
tion three specimens Blarina brevicauda kirtlandi, measured continuously 
over the 24-hour period, showed night-to-day ratio 1.08, and also agrees 
with the reports field observers who state that the shrew active through 
both day and night. 

Over the 24-hour period the activity broken into series short 
bursts and rests which, particularly night, exhibit rhythm. The average 
period this short rhythm almost hours probably corresponds the 
2-hour cycle metabolism noted Pearson similar hour rhythm 
locomotor activity has been observed Crowcroft (1) two British 
shrews, well Davis (2) the short-tailed vole Microtus, and Richter 
(11) the white rat. 
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The cause the rhythm not all clear though has been attributed 
the periodic contractions which arise the stomachs mammals and which 
have been associated with hunger. Richter (11) gave hypothesis the 
supposition that the rat afferent impulses arising from such periodic stomach 
movements gave rise restlessness which gradually increased until the 
animal entered the food box. Whether not feeding took place the rest- 
lessness eventually decreased just did the stomach contractions. However 
the review Munn (8) states that neither gastrectomy nor cutting all central 
nervous connections plus supporting mesenteries and vascular supply the 
stomach markedly disturbed the feeding and activity rhythm. Some other 
general nutritional condition thought the cause. 

The fact that the removal food and water from the activity cage the 
nest box produced marked change the record might indicate that activity 
outside the nest box, including the short rhythm, had little connection with 
the seeking food. However the white rat (11) much the activity 
the short rhythm restlessness which precedes the actual eating the 
food. apparatus small that used the present study such rest- 
lessness, present the shrew, would probably carry the animal all 
parts the apparatus regardless the position the food. 
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EYE WORMS THE FAMILY THELAZIIDAE 
FROM BRAZILIAN 


STRACHAN? 


Abstract 


Eighteen species three genera the family Thelaziidae are reported from the 
eyes Brazilian birds. Thelazia sicki, spizaétt, anadorhynchi, and 
Oxyspirura cameroni are new. list the species Thelazia, 
Oxyspirura, and Ceratospira included. 


collection nematodes from the eyes native birds, collected Dr. 
Helmut Sick central Brazil, was sent the Museum Comparative 
Zoology, Harvard University. Dr. Ernest Mayr was kind enough place 
them the disposal the Institute Parasitology. wish express 
gratitude Doctors Sick and Mayr well the Director the Institute 
Parasitology, who assigned the task identifying them. 

With the exception one male and two females the filarid worm procta 
Caballero and Peregrina, 1938 (3), taken from unknown species 
woodpecker, all the eye worms belonged the family Thelaziidae. 

Three genera this family were represented: Oxyspirura, and 
Ceratospira. 

Thelazia Bosc, 1819 


These are small, fragile, striated white worms. The buccal cavity, 
supported chitinous structures, opens the exterior mouth which 
lacks lips and may surrounded two lateral and four submedian cephalic 
papillae. 

The characteristic caudal papillae pattern the male is: numerous preanal 
papillae, one two pairs adanal papillae, and three four pairs postanal 
papillae. The spicules are unequal and dissimilar. The long spicule 
delicate and slender, sometimes being retracted into the body the level 
the posterior end the oesophagus. The short spicule usually the 
region the cloaca and shorter with two definite cuticular walls. The 
tails the males are coiled spirally. 

The females have blunt, conical caudal extremities; there are caudal 
alae, and papillae are rare. The vulva occurs the oesophageal region and 
the two uteri are directed posteriorly. The embryos hatch the uterus. 

The names the hosts this paper follow Peters’ Check List (11). 


Thelazia buteonis Herde, 1942 
One complete and one fragmented male were submitted from 
cumanensis cumanensis Jacquin. has previously been found Buteo 


swainsoni the U.S.A. (6). 


1Manuscript received December 17, 1956. 

Contribution from the Institute Parasitology, McGill University, Macdonald College 
P.O., Quebec, Canada, with financial assistance from the National Research Council Canada. 
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Saskatchewan, 
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Thelazia campanulata (Molin, 1858) Railliet and Henry, 1910 

Three mature females were identified from the host Crypturellus strigulosus 
strigulosus Jemminck. This species was originally described from Falco 
magnirostris Brazil (10). 


Thelazia Skrjabin, 1929 

Two mature females were obtained from the eye Otus choliba decussatus 
Lichtenstein. was originally reported from Caprimulgus europaeus 
European Russia (12). 


Thelazia chungkingensis Hsii, 1933 

Two male worms and one female were found the eye Mitu mitu Linné. 
This species was previously reported from Chibia hottentotta brevirostris 
China (7). 


Thelazia dacelonis (Breinl, 1913) Travassos, 1918 

Four mature males were recovered from Trogon melanurus melanurus Swain- 
son. Asingle female what may this species was obtained from Tinamus 
tao tao Jemminck, but owing its poor state preservation, its identification 
must remain tentative; has previously been found this host Brazil 
(13) although was originally recorded from Dacelo Australia (1). 


Thelazia Travassos, 1918 

Six males and one female were collected from Penelope superciliaris super- 
ciliaris Jemminck. single male and two females were found the eye 
second the same species host. has previously been found this 
host Brazil (13). 


Thelazia sicki sp. nov. 

From Otus sp., several specimens Thelazia sicki sp. nov. were found. 
The males are approximately mm. long and the females mm. The vulva 
the oesophageal region, anterior the posterior end the oesophagus. 
Surrounding the salient orifice the vulva there circular lip which 
striated. single unpaired deirid situated the oesophageal region. 
the posterior extremity there single terminal papilla and the anus 
supported two strong bands muscles. 

The mature females contain both embryonated and unembryonated eggs. 
The eggs are large, twice long broad, and rounded the ends. The 
vagina large and muscular and enters the large uterus filled with eggs. 

The male larger and wider than the female. The characteristic deirid 
also present the oesophageal region (Fig. The buccal capsule wider 
than deep both sexes. papillae are present the posterior 
region the buccal capsule. These papillae are absent the females. 
the caudal extremity the male, there are preanal papillae, but one 
pair small adanal papillae just anterior the cloaca and three pairs 
postanal papillae. The spicules are dissimilar and unequal. The short 
spicule boatshaped, the distal end rounded, and the proximal end wider, 
ending with the two tips slightly incurved (Fig. 2). 


STRACHAN: EYE WORMS THELAZIIDAE 181 


The measurements Thelazia sicki are: 


Male Female 

Length 12.7 mm. 
Width mm. 0.19 
Length oesophagus mm. 0.9 
Nerve ring from anterior end mm. 0.20 
Length buccal capsule mm. 0.03 
Width buccal capsule 0.04 
Left spicule 0.948 mm. 
Right spicule 0.306 mm. 
Length ova 0.107 
Width ova 0.051 
Tail mm. 0.408 
Postanal papillae Three pairs 


Vulva from anterior end 


This new species, Thelazia similar Thelazia Travassos, 
1918 (13). differs, however, the length and width the worms, 
single terminal papilla the tail the female, the papillae pattern the 
males, and the ratio the size the spicules, which are 3:1 and 4:1 the 
plesiotype. single azygous deirid occurs outside the oesophagus both 
males and females Thelazia sicki, but the external surface the 
oesophagus Thelazia 

This species named honor Dr. Helmut Sick central Brazil, who 
collected the bird hosts this collection eye worms. 


Thelazia pittae Johnston and Mawson, 1941 
single male was taken from Spizastur melanoleucus Veillot. was 
originally described from Pitta mackloti Australia (9). 


Thelazia spizaéti sp. nov. 

single female and three males this species were obtained from Spizaétus 
ornatus Daudin. 

The long, slender female 19.5 mm. long 0.05 mm. wide. The vulva 
located 0.70 mm. from the anterior end, posterior the nerve ring, and 
approximately line with the middle the muscular oesophagus. The 
long straight intestine opens the exterior 0.26 mm. from the rounded tail. 
The anus controlled conical band muscle. The eggs are oval and 
unembryonated. The head bears eight cephalic papillae the region the 
posterior buccal capsule (Fig. 3). 

The males are slightly smaller than the females and measure 14.5 mm. 
length and from 0.333 0.570 mm. width. The head surrounded 
eight cephalic papillae (Fig. the caudal region, there are eight 
pairs preanal papillae; the second and third pairs anterior the cloaca 
are close together and very characteristic. There are four pairs postanal 
papillae, the most anterior which are very small and near the subequal 
spicules. spicules are similar shape; the long spicule 0.24 mm. 
long and cuticularized; the short, slightly cuticularized spicule 0.142 mm. 
long (Fig. 5). 
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The measurements Thelazia spizaéti are follows: 


Male Female 
Length 14.0 -14.5 mm. mm. 
Width mm. 0.500 mm. 
Length oesophagus 0.90- 1.20 mm. 
Nerve ring from anterior end 0.31 0.39 mm. 0.30 mm. 
Length buccal capsule 0.034— 0.041 mm. 0.025 mm. 
Width buccal capsule 0.043 mm. 0.047 mm. 
Tail 0.28 0.30 mm. 0.26 mm. 
Left spicule 0.240- mm. 
Right spicule 0.150 mm. 
Length ova, unembryonated 0.031 mm. 
Width ova, unembryonated 0.021 mm. 
Preanal papillae Eight pairs 
Postanal papillae Four pairs 
Vulva from anterior end mm. 


This species closely resembles pittae Johnston and Mawson, 
1941 (9), but distinguished from the number and arrangement 
the preanal papillae, the number cephalic papillae, and the similar subequal 
spicules. 


Thelazia tonkinensis Hsii, 1935 
One male and one female were found Cephalopterus ornatus. was 
originally described from French Indo-China (8). 


Thelazia anadorhynchi sp. nov. 

Two males and six females were taken from hyacinthinus 
Latham. The males are between and 15.5 mm. long 0.47 mm. and 
0.57 mm. wide. The oesophagus characteristic, divided into muscular 
and glandular portion. The spicules are dissimilar and unequal; the ratio 
the long heavily cuticularized canoe-shaped hollow spicule the short, 
thick, oval-shaped spicule shapes the spicules are specifically 
characteristic. The tail short and alate bearing two pairs prominent 
postanal papillae, with third pair just posterior the cloaca. Anterior 
the cloaca, there are eight pairs well-defined sessile papillae (Fig. 6). 

The female 19.5 mm. 23.4 mm. length 0.57 mm. 0.7 mm. 
width. The vulva opens the exterior short, narrow tube, located 
0.53 mm. the shortest worm 0.73 mm. the longest worm, from the 
anterior end (Fig. The tail short, blunt, and rounded with caudal 
alae its dorsal surface. The intestine opens the exterior just below the 
surface the worm; hence the anus appears lie cavity, and 
controlled strong band muscle (Fig. 8). The almost spherical ova 
are massed the uterus. The muscular oesophagus clavate and its most 
posterior portion protrudes into the glandular oesophagus. cephalic 
papillae are present either sex. 

This species does not resemble any the known species Thelazia and 
its characteristics lie the spicules the male (especially the absence 
the filiform portion), three pairs postanal papillae, eight pairs preanal 
papillae, the structure the vulva and vagina, the presence caudal alae 
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the female, and the absence cephalic papillae both sexes. Accordingly, 
regarded new species for which the name Thelazia anadorhynchi sp. 
nov. proposed. 


Measurements Thelazia anadorhynchi are: 


Male Female 

Length 13.0 -15.5 mm. 19.5 -23.4 mm. 
Width 0.47 mm. 0.57 mm. 
Length oesophagus 0.76 0.84 mm. 0.9 mm. 
Nerve ring from anterior end 0.24 0.31 mm. 0.23 0.36 mm. 
Length buccal capsule 0.045 mm. 0.047 mm. 
Width buccal capsule 0.054 mm. 0.052 mm. 
Tail 0.269 mm. 0.15 0.20 mm. 
Left spicule 0.591 mm. 

Right spicule 0.085- 0.153 mm. 

Preanal papillae Eight pairs 

Postanal papillae Three pairs 

Length ova 0.043 mm. 
Width ova 0.021- 0.025 mm. 


Oxyspirura Drasche Stossich, 1897 


This genus also member the family Thelaziidae, and characterized 
mouth without lips, followed short buccal capsule. The head 
bears two lateral and four submedian papillae. The posterior extremity 
both sexes acutely conical. 

The male tail incurved and tends spiral; caudal alae are absent. 
The preanal papillae are variable, from two pairs pairs; the postanal 
papillae—one eight pairs—are usually asymmetrical; and all the papillae 
are sessile. The spicules are unequal and dissimilar, the long spicule 
filiform, and the short one sabre-shaped. 

the females, the vulva just anterior the anus and the caudal extremity 
straight. The typical habitat these parasites under the nictitating 
membrane birds. 


Oxyspirura anacanthura (Molin, 1860) Stossich, 1897 
Several specimens were recovered from Ramphastos culminatus and 
guira. has previously been found Crotophagia spp. Brazil (10). 


Oxyspirura brevisubulata (Molin, 1860) Stossich, 1897 

single female this species was found Nyctidromus albicollis. has 
previously been recorded from Strix atricappila Otus choliba) Brazil 
(4, 10). 


Oxyspirura octopapillata Caballero, 1942 

Two specimens were recovered from unknown species the family 
Accipitridae. had previously been recorded from Polyborus cheriway 
Mexico (2), member the same family. 


Oxyspirura sp. nov. 

Three male and female worms were obtained from the eye 
cayana. The males range from 6.13 7.08 mm. length and 0.26 
The tail not coiled and small cuticular expansion 
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the dorsal surface extending from the region the cloaca the apex 
the tail; the ala 0.193 mm. length. There are four pairs postanal 
papillae and three pairs preanal papillae arranged linear rows along 
the ventral surface (Fig. 9). The long spicule twice the length the short, 
stout concave spicule (Fig. 10). Both spicules are rounded their distal 
ends and incurved their proximal ends. The long spicule not filiform, 
but slender and rectangular shape (Fig. 11). 

The graceful D-shaped females are from mm. length 0.31 
The tail straight, slender, and conical with rounded 
tip, and measures 0.428 mm. The vulva 0.38 mm. anterior the anus 
and opens the exterior with salient posterior lip (Fig. 12). The ova are 
0.057 0.039 mm. and are oval shape. 

The mouth surrounded six lobules and four papillae. the most 
anterior region the oesophagus there are four large cephalic papillae and 
four smaller papillae. The oesophagus encircled nerve ring 0.22 mm. 
from the anterior end, approximately one-fourth the length the oesophagus. 
Encompassing the nerve ring are two glandular-like organs (Fig. 13). 

The measurements Oxyspirura cameroni are follows: 


Male Female 
Length 6.13-7.1 mm. 11.0 -13.0 
Width 0.26-0.35 mm. 0.31 0.42 
Length oesophagus 0.77-0.93 mm. 0.89 0.95 
Nerve ring from anterior end 0.19-0.22 mm. 0.21 
Length buccal capsule 0.30-0.33 mm. 0.038 
Width buccal capsule 0.29-0.30 mm. 0.027 
Tail (anus-tip) 0.17-0.21 mm. 0.42 0.48 
Left spicule 0.54-0.57 mm. 
Right spicule mm. 
Preanal papillae Three pairs 
Postanal papillae Four pairs 
Vulva from posterior end 0.79 0.85 
Cephalic papillae Twelve 


This species similar Caballero’s (2) new combination navali, 
toroi, and crassa, which has named Oxyspirura octopapillata, the 
basis the oesophageal glands, relative position the vulva, and the 


Fic. sp. nov., anterior end male showing buccal capsule, deirid, 
and nerve ring. 

Fic. Thelazia sicki sp. nov., posterior end male, showing spicules papillae. 

Fic. spizaéti sp. nov., face view female. 

Fic. spizaéti sp. nov., head male, showing cephalic papillae. 

Fic. Thelazia spizaéti sp. nov., tail male, showing spicules and papillae. 

anadorhynchi sp. nov., posterior end male, showing spicules and 
papillae. 

Fic. Thelazia anadorhynchi sp. nov., anterior end female showing vulva and 
oesophagus. 

Fic. anadorhynchi sp. nov., posterior end female showing anus. 

sp. nov., enlarged caudal region showing papillae pattern. 

cameroni sp. nov., short spicule. 

Fic. 11. Oxyspirura cameroni sp. nov., posterior end male showing spicules. 

Fic. Oxyspirura cameroni sp. nov., posterior end female showing uterus, vulva, 
and anus. 

Fic. cameroni sp. nov., enlarged buccal capsule with cephalic papillae. 
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structual nature the spicules. But distinguished from that the 
head both sexes have papillae and the papillae pattern the male 
consists three pairs preanal and four pairs postanal papillae. 


Oxyspirura Skrjabin, 1929 

Two specimens were identified from Setopagis parvula Gould. Although 
originally recorded from Otomela phoenicuroides Russia (12), this species 
has been found variety birds the northern United States (5). 


Oxyspirura sygmoidea (Molin, 1860) Stossich, 1897 

Two males and one female were recovered from Ramphastos This 
species has previously been found spp. Austria and Russian 
Turkestan (4). 


Ceratospira Schneider, 1866 


The mouth surrounded papillae and enters short buccal capsule. 
The tail the male very short and bears large caudal alae. The sessile 
preanal papillae number pairs and the spicules are very unequal and 
dissimilar. 

The vulva the females the anterior region near the posterior end 
the oesophagus. The tail also very short and blunt. They are either 
Oviparous viviparous inhabit the orbital, nasal, and oral cavities 


birds. 


Ceratospira thriponaxis Wehr, 1930 
Two females were collected from Ramphastos culminatus. This species was 
originally described from Thriponax sp. the Philippines (14). 


List 


Thelaziidae Railliet, 1916 
Thelazia Bosc, 1819 

buteonis Herde, 1942 Pipile cumanensis cumanensis, Cracidae 
(curassows), Brazil* 

campanulata (Molin, 1858) Railliet and Henry, 1910 Crypturellus 
strigulosus strigulosus, Tinamidae (tinamous), Brazil. 

cholodkowskii Skrjabin, 1922 Otus choliba decussatus, Strigidae (owls), 
Brazil* 

chungkingensis Hsii, 1933 Mitu mitu, Cracidae (curassows), Brazil* 

dacelonis (Breinl, 1913) Travassos, 1918 Trogon melanurus melanurus, 
Trogonidae (trogons), Brazil*. tao tao, Tinamidae 
(tinamous), Brazil. 

lutzi Travassos, 1918 Penelope superciliaris superciliaris, Brazil. 

sicki sp. nov. Otus spp., Strigidae (owls), Brazil. 

pittae Johnston and Mawson, 1941 Spizastur melanoleucus, Accipitridae 
(hawks), Brazil* 

spizaéti sp. nov. Spizaétus ornatus, Accipitridae (hawks), Brazil. 
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tonkinensis Hsii, 1935 Cephalopterus ornatus, Cotingidae (chatterers), 
Brazil* 

anadorhynchi sp. nov. Anadorhynchus hyacinthinus, 
(parrots), Brazil. 

Thelazia sp. Daptrius americanus, Falconidae (falcons), Brazil. 

Oxyspirura Drasche (in Stossich, 1897) 

anacanthura (Molin, 1860) Stossich, 1897 Ramphastos culminatus, 
Ramphastidae (toucans), Brazil*. Cucilidae 
(cuckoos), Brazil*. 

brevisubulata (Molin, 1860) Stossich, 1897 Nyctidromus albicollis, 
Caprimulgidae (nightjars), Brazil*. 

octopapillata Caballero, 1942 Accipitridae, Brazil. 

cameroni sp. nov. Tityra cayana, Cotingidae (chatterers), Brazil. 

Skrjabin, 1929 Setopagis parvula, Caprimulgidae (nightjars), 
Brazil* 

sygmoidea (Molin, 1860) Stossich, 1897 Ramphastos Ramp- 
hastidae (toucans), Brazil* 

Ceratospira Schneider, 1866 

thriponaxis Wehr, 1930 Ramphastos culminatus, Ramphastidae 

(toucans), Brazil* 
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THE EFFECT DIETETIC AND GLYCEMIC FACTORS 
THE ATTRACTIVENESS WHITE RATS 


KHAN? 


Abstract 


White rats high carbohydrate, high protein, and high fat diets showed 
increased attractiveness mosquitoes, Aedes L., the order mentioned. 
This preference for rats certain diets was shown mosquitoes only 
simultaneous exposures all diet groups and was not noticed when various 
diet groups were individually exposed the mosquitoes had been starved 
previously. The increased decreased blood sugar levels did not affect the 
attractiveness the rats the mosquitoes. appeared that certain residual 
factors were emitted rats which attracted mosquitoes appreciable 
extent for hour. 


Introduction 


series trials were undertaken determine the part played certain 
diets and blood sugar levels attracting Aedes aegypti L., female mosquitoes, 
the white rats. 


Materials and Methods 


The composition and caloric values the diets fed the experimental 
rats are given below: 


High High High 
protein diet diet diet 


Ingredients Cal. Wt.,g. Cal. Control diet 


Casein 175.0 525 100.0 300 100.0 300 Commercial feed for 

Yeast 25.0 25.0 25.0 laboratory animals 

Corn starch 252.5 1000 327.5 1300 830 17%, minimum 
25.0 225 25.0 225 75.0 675 crude fat 2.5%, 

Cod liver oil 10.0 10.0 10.0 maximum crude 

fiber 12% 


White rats Sprague-Dawley strain were used these experiments. 
Twelve male and female rats were selected when they were weeks old. 
Sexes were housed separately lots three the first week all 
them were fed the control diet and their blood sugar content was estimated 
order weed out the abnormals. Later the rats were placed experi- 
mental diets that six rats (three males and three females) were maintained 
each experimental and the control diet. One batch experimental rats 
was used for months and, all, rats were used these trials. 
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Aedes aegypti mosquitoes were bred the laboratory temperatures 
ranging between and relative humidity insectary cages 
in., hereafter referred ‘mosquito cages’. The mosquitoes 
were allowed blood meal guinea pig twice week. 

Rat cages were used for exposing rats the mosquito cages order 
keep the handling the mosquitoes tothe minimum. The rat cages 
those described Kingscote and Francis (2), and each unit consisted two 
separate wooden boxes secured one above the other. The rats were housed 
the lower box with detachable lid fine mesh wire gauze 
prevent the mosquitoes from gaining access the rats. upper box, 
meant for trapping mosquitoes, was with fine mesh wire 
gauze bottom, transparent front side, and drop lid operated controls 
outside the mosquito cage. 

Two rats from one particular diet group were placed the rat cages, and, 
the case simultaneous exposures, four such cages representing the three 
experimental diets and the control diet were used. exposure consisted 
two sequences. First the rat cages (complete unit with rats) were placed 
the mosquito cages with their lids for period minutes that the 
mosquitoes became aware the presence the rats. Then the lids the 
upper chamber the were raised and kept open for period 
order allow sufficient time for the mosquitoes get into the 
rat cages attempt reach the rats. The rat cages were then removed 
from the mosquito cages and the trapped mosquitoes were counted and return- 
the mosquito cages for the next exposure. least four simultaneous 
exposures were made one series experiments and the rat cages were trans- 
ferred four selected spots the mosquito cages after every simultaneous 
exposure the basis Latin square. 

Besides being exposed simultaneously (four groups one time), the various 
diet groups were also exposed singly. these experiments, termed ‘single 
diet exposures’, one diet group was exposed the mosquitoes time. 
Both individual and relative attractiveness the various diet groups were 
assessed this way. 

the beginning these trials one empty rat cage was exposed control 
the mosquito cages along with three rat cages containing rats experi- 
mental diets. the empty rat cage did not attract any mosquitoes this 
procedure was changed and rats maintained control diet were placed 
for purposes control. 


Results 


Comparative Attractiveness Rats Various Diets 

Before rats were placed the experimental diets their attractiveness 
the mosquitoes was determined order ensure that none them had 
pronounced attractive repulsive effect the mosquitoes. 
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all, such exposures were made and the number mosquitoes attracted 
each group given below: 

Attracted rats ear-marked for high protein diet, 753. 
Attracted rats ear-marked for high carbohydrate diet, 781. 
Attracted rats ear-marked for high fat diet, 646. 
Attracted rats ear-marked for control diet, 

For all practical purposes the rats used these trials may considered 
equally attractive mosquitoes. 

series exposures was carried out with rats experimental diets 
which 4819 mosquitoes were attracted the rats according the details 
given below: 

Attracted rats high protein diet, 1579. 
Attracted rats high carbohydrate diet, 1832. 
Attracted rats high fat diet, 1159. 
Attracted rats control diet, 249. 

The rats high protein, high carbohydrate, and high fat diet were found 
nearly six, seven, and five times, respectively, attractive the 
mosquitoes the rats the control diet. 


Blood Sugar Levels 
The average blood sugar contents the experimental rats Haslewood 
and Strookman (1) method were: 
Rats high protein diet, 103.4 mg. per 100 ml. blood. 
Rats high carbohydrate diet, 95.5 mg. per 100 ml. blood. 
Rats high fat diet, 100.8 mg. per 100 ml. blood. 
Rats control diet, 79.0 mg. per 100 ml. blood. 
The average range all these readings was mg. per 100 ml. blood. 
obvious relationship seems exist between the blood sugar content 
and relative attractiveness the rats experimental diets mosquitoes. 


Mosquitoes Various Diet Groups Single Diet Exposures 

three these experiments single diet exposures total number 
148 mosquitoes were attracted the rats the control diet against 170, 
133, and 136 attracted rats high protein, high carbohydrate, and high 
fat diets, respectively. simultaneous exposures these experi- 
ments only six mosquitoes were attracted rats control diet, compared 
with 42, 51, and mosquitoes attracted rats high protein, high carbo- 
hydrate, and high fat diets, respectively. 


Attractiveness Mosquitoes Rats with Low Blood Sugar Levels due Starvation 
Experimental rats all four diets were exposed mosquitoes after 

hours starvation reduce their blood sugar. The average blood sugar 
content these rats seven readings was: 

Rats high protein diet, 78.8 mg. per 100 ml. blood. 

Rats high carbohydrate diet, 77.5 mg. per 100 ml. blood. 

Rats high fat diet, 78.0 mg. per 100 ml. blood. 

Rats control diet, 83.3 mg. per 100 ml. blood. 
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Both single-cage and simultaneous (four-cage) exposures were made 
this series. single-cage exposures 182 mosquitoes were attracted 
the rats control diet compared with 211, 194, and 209 mosquitoes attracted 
rats high protein, high carbohydrate, and high fat diets, respectively. 
However, simultaneous exposures mosquitoes were attracted 
control group against 267, 165, and 142 mosquitoes attracted respectively 
rats high protein, high carbohydrate, and high fat diet. 


Attractiveness Various Diet Groups Blood-starved Mosquitoes 

these trials the mosquitoes were denied blood meal for period 
days, although regular supply water and raisins was maintained 
the insectary. the 10th day two single exposures with each diet group 
were carried out. These were immediately followed two simultaneous 
exposures all the four diet groups. The experiment was repeated the 
11th day. the 12th day slight modification was made and only simul- 
taneous exposures were made. 

was observed that the 10th and days single-cage exposures 
large number mosquitoes were attracted each group. But the 
succeeding simultaneous exposures the mosquitoes showed the general selec- 
tive preference for certain diet groups. four simultaneous exposures (two 
each day) mosquitoes were attracted rats control diet against 
133, 109, and attracted respectively rats high protein, high carbo- 
hydrate, and high fat diet. However, the 12th day simultaneous 
exposures 428, 491, 626, and 484 mosquitoes were attracted rats control, 
high protein, high carbohydrate, and high fat diets, respectively. 

Keeping mosquitoes without meals for prolonged period time has 
adverse effect the population the colony, and, therefore, these trials 


Residual Attractive Factors 

few preliminary observations were made determine any residual 
factors attractive mosquitoes were given out rats. 

The rats maintained various experimental diets were placed cages 
and removed after hour. Immediately after removal the rats the four 
empty cages were exposed mosquitoes simultaneously the same manner 
before. Ina series five experiments the number mosquitoes attracted 
the empty cages were recorded 15, 30, and minutes after the removal 
the rats. The results are tabulated below: 


DURATION RESIDUAL ATTRACTIVE FACTORS 


Number mosquitoes observed cages used for housing rats 
Duration 


attractiveness, High High High 
minutes protein diet carbohydrate diet fat diet Control diet 
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The rat cages themselves have attractive effect, mosquitoes 
were attracted cages which had been left empty overnight. 


Discussion 


experiments this nature, can easily imagined, multiple variables 
are involved. minor yet unavoidable activity like transferring rats 
and out the insectary with its concurrent changes the environmental 
temperature and humidity gives rise metabolic changes. keep these 
variables minimum, including the response the mosquitoes, one has 
record all the comparable observations one continuous experiment. 
experiment with single exposures followed two simultaneous exposures 
takes hours. Over this period, owing repeated trappings without any 
blood meal, the mosquitoes become frustrated and weary and start losing 
interest the rats. Therefore, these studies, the important consideration 
has been the relative attractiveness the various diet groups and not the 
total number mosquitoes attracted them. Further, order reduce 
physiological variables every experiment was duplicated with rats the 
opposite sexes and approximately same age. first these records were 
maintained separately, but, since difference was noticed between the 
sexes, the totals for both have been added the results indicated here. 

trials with reduced blood sugar level was noticed that 18-hour starva- 
tion did not affect the glycogen content the blood rats the control 
diet, although did reduce glycogen content the blood rats experi- 
mental diet. However, the reduction the blood sugar content the rats 
the experimental diets did not alter their comparative attractiveness 
mosquitoes. 
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SEASONAL CHANGES SENSITIVITY AND BLOOD 
CIRCULATION CERTAIN FRESH-WATER 


Hart? 


Abstract 


The asphyxiation level oxygen various levels sensitivity), 
measured the brown bullhead, southern channel catfish, and largemouth 
bass decreased the water warmed with the approach summer conditions 
Florida. the same general period blood pressure the bass and channel 
catfish fell with seasonal change from winter summer temperatures. 
related changes were found the weight the ventricle with occluded blood. 
the channel catfish, ventricle weights were lowest when water temperatures 
were warmest. They were greatest winter Florida and Tennessee fish 
when temperatures were lowest. Small seasonal trends stroke output were 
also observed. 


Introduction 

Seasonal physiological changes organisms have been recognized for 
many years. fishes seasonal changes have been observed oxygen 
consumption (4, 15), lethal temperatures (3, 12, 14), blood osmotic 
pressure (13), and sensitivity (5). These adjustments are all con- 
sidered part general individual acclimatization which occurs 
response seasonal changes the environment. 

During investigation 1940-1941 the blood pressure, ventricular 
weight, stroke output, and sensitivity some Florida fresh-water 
fishes (7), opportunity was afforded measure, for three species, the 
same characteristics when winter temperatures prevailed and again during 
the approach summer temperatures. few tests were also made Ten- 
nessee one species under winter and summer conditions. was thought 
that since there was correlation between sensitivity and properties 
the circulation among different species (6, 7), correlated seasonal shift 
these properties might found within the same species. This was also 
expected from the known change sensitivity response accli- 
mation temperatures and season (5). 


Materials and Methods 


Three species were used these investigations: salmoides 
(Lacépéde), the large mouth bass; Jctalurus lacustris punctatus (Rafinesque), 
the southern channel catfish; and nebulosus marmoratus (Holbrook), 
the marbled brown bullhead. 

The fish were obtained from the St. Johns River from commercial fishermen 
and from the Welaka fish hatchery Florida. Channel catfish were also 
taken from the Tennessee River near Knoxville for comparison with the 


Florida form. 


received November 30, 1956. 
Contribution from the Ontario Fisheries Research Laboratory, Department Zoology, 


University Toronto, Toronto, Ontario. 
2Present address: Division Applied Biology, National Research Laboratories, Ottawa, 


Canada. 


Can. J. Zool. 35 (1957) 


196 CANADIAN JOURNAL ZOOLOGY. VOL. 35, 1957 


Tests the circulatory and respiratory characteristics under study were 
not all undertaken during the same time periods the same water tem- 
peratures. effort was made, however, test each species under widely 
differing thermal conditions demonstrate the direction and extent any 
seasonal changes. The periods for each test and the prevailing river tem- 
peratures are shown below: 


Test Locality Period River temperature 

sensitivity Florida Feb. 12°-18° 

Blood pressure Florida Mar. 23-28 18°-19° 
Florida May 5-June 

Tennessee June 25-27 25°-27° 

Ventricle weight and stroke Florida 
output Tennessee Jan. 15-19 
Florida Mar. 23-24 18°-19° 

Florida May 10-11 


The tests were carried out follows. Sensitivity. was determined 
after sealing the fish bottles filled with water containing oxygen at, 
slightly above, atmospheric pressure and with varying amounts 
The oxygen and remaining the water were determined after asphyxia- 
tion. The limitation oxygen uptake gives curve which can 
used basis for comparison different species the same species under 
different thermal conditions. 

Determinations the dissolved oxygen and carbon dioxide the water 
were made with the Modification the Winkler Method 
for oxygen and titration with N/44 NaOH for carbon dioxide. The gas 
contents were converted tensions with the aid tables given the Hand- 
book Physics and Chemistry (10). The carbon dioxide determinations 
were checked analysis the percentage carbon dioxide bubble 
equilibrated with the sample, using the Krogh micromethod (11). 

The stroke output the heart was determined weighing the ventricles 
the fish after they were ligated systole diastole, and subtracting the 
mean systolic from the mean diastolic weights each body size. The 
method has been previously described (6). 

Blood pressure was recorded during three four beats the heart from 
the bulbus arteriosus means mercury and water manometers (7). The 
beat rate each specimen was recorded during the measurement its blood 
pressure. 


Results and Discussion 


Under the conditions study the respiratory and circulatory properties 
appeared show gradual and prolonged changes response seasonal 
changes climate. The considerable shift sensitivity (Fig. was 
indicated each the three species increase the pressure 
required asphyxiate the fish during April-May compared with that 
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required February-March. Warming the water approximately 
10° was associated with increase asphyxial pressure about 
100 mm. when compared 100 mm. Po,. each period the large- 
mouth bass was the most sensitive and the bullhead the least sensitive. 
The changes for the bullhead are comparable that found Fry 
their seasonal study the Algonquin Park bullhead (5). 


Seasonal changes the circulation were revealed shifts ventricle 
weights and blood pressure. the channel catfish and largemouth bass, 
ventricle weights were heavier systole and diastole during the cold season 
the year. The demonstration was clearest for systolic weights (Fig. 2). 
the channel catfish, races were studied from Florida and Tennessee, but 
geographic differences were found. The regional differences are inter- 
preted being due differences habitat temperatures. 
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Fic. The effect carbon dioxide the asphyxial tension oxygen for the large- 
mouth bass, channel catfish, and brown bullhead. Curves drawn inspection. 
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The seasonal changes stroke output are uncertain since they were small 
(Fig. and since they depend the difference between diastolic and systolic 
weights each size, both which are variable. The change, any, was 
the direction increase with warming water. 

The other component cardiac output, the normal heart rate, which was 
not examined, might more easily and directly demonstrate the extent 
the seasonal adjustments. Some increase cardiac output resulting from 
increase beat rate and stroke output expected with higher 
temperatures and consequent increase metabolic rate. 

Seasonal changes found the blood pressure the largemouth bass and 
channel catfish are demonstrated correlating diastolic (upper panel, Fig. 
and systolic pressures (lower panel, Fig. with heart rate each specimen 
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Fic. Seasonal changes the weight the ventricle with occluded blood during 
systole and diastole, and seasonal changes stroke output. point represents 
determination one fish. Line represents stroke output Florida catfish May, 
line the same March, and line III represents that for Tennessee catfish January. 
Line the output for bass October, line the same for fish March. 
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during winter and summer periods. comparable rates, diastolic and 
systolic pressures were clearly lower during May and June than during 
March. Observations made Tennessee channel catfish June and 
Florida catfish May gave similar results associated with similar tempera- 
tures the two localities. 

The lowering blood pressure and decrease heart weight with occluded 
blood appear associated with changes occurring during seasonal accli- 
matization. They suggest that extensive cardiovascular adjustments are 
part the acclimatization process. This capability for adjustment supple- 
ments information previously obtained Florida fishes (7) which series 
species was found with cardiovascular characteristics ranging from high 
low pressure systems. The seasonal trends further suggest opening 
the capillary bed and increase blood volume during periods higher 
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Fic. Seasonal changes blood pressure relation beat rate. March 24, 
May June for largemouth bass; March 23, May June 11, for channel 
catfish. Determinations June Tennessee River channel catfish. Each 
point represents determination one fish, but diastolic and systolic measurements 
the same fish. Curves are drawn inspection. 
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temperatures. The extent the change would correlated with the extent 
change the external environment, with the species, and with other 
physiological changes the organism. 

The seasonal change sensitivity could conceivably correlated 
with these changes the circulation. Transport more oxygen virtue 
increased rate circulation would tend decrease the sensitivity 
during the summer. However, sensitivity affected other properties 
the blood and tissues, which have not yet been fully evaluated. Changes 
resistance tissues oxygen lack excess have been suggested (5). 
While seasonal changes were found some chemical transport properties 
the blood the Atlantic salmon and Sebago salmon (1, 2), they still might 
have occurred the species under study. The interspecific correlation be- 
tween sensitivity and properties the circulation (6) can now extended 
seasonal shifts within the species, but the basis for the correlation not 


vet known. 
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HELMINTH PARASITES REPTILES, BIRDS, AND MAMMALS 
EGYPT 


CYATHOSPIRURA SEURATI SP. NOV. FROM FENNECUS 


Abstract 


new species nematode, Cyathospirura seurati sp. nov., has been described 
from Fennecus serda Egypt, and key the members the genus has been 


proposed. 
Introduction 


1913 Seurat (2) described parasite from the stomach Felis ocreata 
which called Habronema (3) later recorded two other 
species Habronema from Carnivora: Habronema grimaldiae from the 
stomach Vulpes atlantica and Habronema nouveli from the stomach and 
intestine Genetta afra 1919 (4) again recorded 
but from the stomach leopard, and gave further measurements 
which showed considerable variations from the original types. 


Tschernikowa (5) described new species Habronema from the wild cat 
(Prionailurus captilura), the area around Vladivostok, which she called 
Habronema skrjabini. She provided useful key for the differentiation 
her species from those Seurat. Baylis (1) described from the 
stomach elephant shrew (Petrodromus nigriseta) Tanganyika. Baylis 
discussed the taxonomy the genus and stated that this species possessed 
characteristics which differed from those the original type Habronema, 
the most important being the presence dorsal and ventral cephalic cuticular 
shields overlapping the edges the distinct lateral lips. chevreuxi 
the borders the mouth were not apparently divided into distinct lateral, 
dorsal, and ventral portions. believed that the basis these oral 
characteristics, which were comparable with those Streptopharagus and 
Cylicospirura, should placed the subfamily Arduenninae rather than 
the Spirurinae. therefore erected new genus, Cyathospirura, for the 
group which included the following species: Cyathospirura chevreuxi (Seurat, 
1913) genotype, Cyathospirura grimaldiae (Seurat, 1915), Cyathospirura 
(Seurat, 1915), and Cyathospirura skrjabini (Tschernikowa, 1934). 

Four males and three females which were found the Fennec fox did not 
appear belong any the species the genus Cyathospirura previously 
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reported from Carnivora. The author therefore proposes new species, 
Cyathospirura seurati, named honor Seurat, who did pioneer work 
the genus. 

Species: Cyathospirura seurati sp. nov. 

Host: Fennecus zerda. 

Location: Stomach. 

Locality: Giza, Giza Prov., Egypt. 


Description 
(Figs. 1-4) 


They are short, stout worms with thick cuticle, which very finely 
striated. The narrow, lateral alae, which are difficult see, appear start 
just front the nerve ring about 0.2 mm. from the anterior end and 
continue for most the length the body. There are two cervical papillae, 
the left one situated the beginning the ala and the right one the ala 
just posterior the nerve ring. The buccal capsule contains dorsal and 
ventral tooth and three pairs forwardly directed lateral teeth. These 
are supported strong, buttress-like, longitudinal chitinous plates, which 
appear transversely ribbed. The oesophagus consists three portions, 
short muscular anterior portion, followed longer, narrower muscular 
portion surrounded the nerve ring about its middle, and final major 
glandular portion. 


Male.—4.56-8.15 mm. long, mm. wide. 
2.00 mm. long, anterior portion mm., middle mm., 
and posterior mm. long, respectively. Nerve ring situated 
0.25 mm. from anterior end. Buccal cavity 0.05 mm. deep. Ventral 
surface tail characterized longitudinal cuticular ridges, which appear 
continued the caudal alae. Alae 0.06 mm. wide level cloaca. 
Four pairs pedunculated preanal papillae, one pair pedunculated postanal 
papillae, one pair sessile postanal papillae, and two three pairs small sessile 
papillae tip tail. Shorter spicule mm. long, fairly thick. 
Longer spicule slender, 0.73-0.79 mm. long. Lips cloaca prominent. 
Asymmetrically-shaped accessory piece present. 


mm. long, 0.34-0.35 mm. wide. Excretory pore opens 
1.22 mm. from anterior end. Buccal cavity mm. 
phagus long, anterior portion mm., middle 
0.35 mm., posterior mm. long, ring situated 
0.3 mm. from anterior end. Tail mm. long with conical blunt 
end. Vulva very inconspicuous and situated just posterior the middle 
the worm. Vagina directed caudally from vulva, giving rise paired 
uteri which appear parallel each other far the tail, and then directed 
anteriorly end oesophagus. Details uterine structure difficult 
ascertain because the uteri are packed with ova. Ova 0.032 0.022 mm. 
size, thick-shelled, and embryonated utero. 
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0.2 mm. 


Fics. seurati. 


Fig. Anterior extremity, lateral aspect. 
Anterior extremity, dorsal aspect. 
Fig. extremity male. 
Detail ovejector. 


Related Species 


Cyathospirura seurati sp. nov., chevreuxi (Seurat, 1913), and 
(Seurat, 1915) appear closely related. nouveli much longer than 
the other two species, the vulva situated the anterior half the body, 
and the tail the female tipped with and chevreuxi 
the vulva posterior the middle the body and the tail spineless. 

seurati and chevreuxi can differentiated the basis their buccal 
structures. seurati possesses characteristic ribbed supporting structures 
which are absent chevreuxi. 

1919 Seurat (4) recorded chevreuxi from Felis pardus 
but the measurements gave for these specimens differed greatly from 
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TABLE 


COMPARISON MEASUREMENTS FOR chevreuxi (SEURAT, 1913) FROM Felis pardus (4) 
AND Felis ocreata (2) WITH THOSE seurati SP. NOV. 


(All measurements millimeters) 


C. chevreuxi C. chevreuxi C. seurati 
from Felis ocreata from Felis pardus from Fennecus zerda 
Male Female Male Female Male Female 
Length 4.6 7.6 8.7 12.27 4.5 -8.15 6.7 -9.27 
Width 0.205 0.275 0.28 0.31 0.25-0.3 0.34-0.35 
Oecesophagus 1.42 1.475 2.0 2.8 1.55-2.0 2.2 -2.25 
Buccal cavity 0.05 0.046 0.06 0.077 0.045 0.050 
Nerve ring 0.198 0.220 0.29 0.36 0.25 0.3 
Excretory pore 0.28 0.33 0.418 1.22 
Tail 0.180 0.140 0.155 0.120 0.12-0.17 
0.021 0.020 0.022 
Spicules 
Long 0.438 0.815 0.73-0.79 
Short 0.240 0.250 0.24-0.33 


those gave (2) for his original specimens from Felis ocreata. Table 
compares the measurements these specimens with those seurati. 


The author the opinion that, measurements are accurate, 
should have considered his specimens from the leopard represent new 
species because the differences proportion between them and those from 
ocreata. 

The author the opinion that seurati distinct from the species from 
the leopard. Seurat made mention any differences the buccal 
structures between his 1913 (2) and 1919 (4) specimens, while there 
apparent difference between specimens seen the author 
and his specimens seurati. the opinion that the specimens 
described chevreuxi from the leopard Seurat (4) 1919 should 
considered species inquirendae pending further investigation. 


KEY THE SPECIES THE GENUS CYATHOSPIRURA 1934 PARASITIC 
CARNIVORA 


Vulva anterior the middle the body. Tail the female with tuft spines; over 
mm. long. Spicules: long, 0.54 mm.; nouveli (Seurat, 1915) 


Vulva posterior the middle the body 
Under mm. long 
Buccal capsule without lateral ribbed chitinous plates. Spicules: long, 0.48 


Buccal capsule with lateral ribbed chitinous plates. Spicules: short, 0.24-0.30 

Over mm. long 
Buccal capsule with teeth. Spicules: short, 1.26 mm.; long, 


Buccal capsule without teeth. Spicules: long, 1.008 mm.; short, 0.78 mm. 
skrjabini (Tschernikowa, 1934) 
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STUDIES TRICHINELLA SPIRALIS 


II. TIMES FINAL MOLT, SPERMATOZOA FORMATION, OVULATION, 
AND INSEMINATION! 


Abstract 


experimental study spiralis was made white mice and 
white rats determine the times the final molt, free spermatozoa formation, 
ovulation, and insemination. 

The following results were obtained. mice, the final molt began about 
hours and was completed hours after infection. Free spermatozoa were 
formed, mice, the 26th hour after infection. Ovulation was found 
occur the 37th hour after infection mice and the 30th hour rats. 
Insemination occurred the 37th hour after infection mice and the 32nd 
hour rats. Ovulation and insemination were independent processes. The 
copulatory tube may modified structure the cuticular lining the cloaca. 


Introduction 


has been known that muscle trichinae, after being ingested host, 
will develop rapidly into maturity and produce young within few days. 
Information concerning the times final molt, spermatozoa formation, 
ovulation, and insemination the intestinal trichinae meager, however. 
The present study has been made the early stages both sexes, order 
reveal some the facts concerning the biological activities this nematode. 


Materials and Methods 


The experimental infections were made using white mice and white rats. 

spiralis were obtained artificial digestion the muscles infected 
mice. The experimental mice were then heavily infected means 
stomach tube (polyethylené medical tubing attached cc. syringe). 
During the experiment, two mice were killed hourly. 

The intestine one mouse was used for preparing sections. Serial sections 
random portions the second and third quarters the small intestine 
were made and stained with hematoxylin. Whole trichinae were removed 
from the intestinal contents another mouse and preserved glycerin for 
examination. 


Observations 


Male Trichinae White Mice 
Final Molt 
the present study, attempt was made determine the time the 
earlier molts. the authors believed that insemination may closely 
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associated with the final molt, observations were made the early develop- 
ment and 100 specimens preserved glycerin were examined hourly. 
Results are shown Table 
TABLE 


PERCENTAGE OF WORMS IN THE PROCESS OF MOLTING AND THE PERCENTAGE OF WORMS WITH 
SPERMATOZOA IN THE SEMINAL VESICLE AT VARIOUS PERIODS 


Number of hours after infection 24 25 26 27 28 29 30 31 32 33 34 
% molting 0 1 0 8 24 17 33 31 30 19 0 
© of parasites with spermatozoa in 

seminal vesicle 0 0 3 31 3 80 29 65 90 70 99 


The table shows that mass moltings began about hours after infection. 
The process continued different individuals for several hours but, all 
cases, was completed hours after infection. percentage worms 
undergoing molting was fairly constant during the period between and 
hours, then fell off rapidly. During the study, many the specimens examined 
were seen bearing slender tube the tip the molt (Fig. 1), and some 
cases the tube was found lying within the 


Formation Spermatozoa 

The observations made the sections the testes young intestinal 
trichinae began and hours after infection. spermatogonia were 
found these times, and the lumen the testis could not seen. 

specimens examined hours after infection, spermatogonia had appeared 
the wall the testes, but not large numbers. Although small lumen 
appeared some specimens, the presence free spermatozoa could not 


determined definitely. 


Fics. Camera lucida drawing the caudal end and molt (Fig. male 
bearing the cuticular lining the cloaca its tip and (Fig. female bearing cuticular 
lining the rectum its tip. 

ABBREVIATIONS: cloaca; intestine; LC, cuticular lining cloaca; LR, cuticular 
lining rectum; molt; ovary; rectum; Sp, spermatozoa. 
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longitudinal section intestinal trichina the level the testis, 


hours after infection showing free spermatozoa the lumen the testis. 
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Fic. section female, hours after infection; showing ovary 
lower third; seminal receptacle and uterus containing ova and spermatozoa above. 


Wu and Kingscote—Can. J. Zool. 
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specimens examined hours after infection, the number spermatogonia 
had greatly increased and some were found almost every specimen. 
However, the lumina the majority the specimens were still not large. 
some specimens with larger lumina, free spermatozoa were clearly seen 
(Fig. two glycerin preserved specimens, indicated the table, 
spermatozoa were seen the seminal vesicle hours. 

Twenty-eight hours after infection, the lumen the testis was quite well 
developed and free spermatozoa were seen most the sections. Ina few 
cases, free spermatozoa were seen the seminal vesicle. 


Female Trichinae White Mice 

During the study the molting males, molting females was also 
frequently seen. However, attempt was made determine the time and 
percentage the molting. slender tube, much shorter than that found 
the case males, was also found the tip the molt. This may represent 
the cuticular lining the rectum (Fig. 2). 

Since the last molting the males was apparently completed about 
hours after infection, search for insemination and ovulation females began 
hours after infection. Seminal receptacles were the structures which 
the observation was made, and suitable longitudinal and cross sections 
these receptacles were selected for examination. 

hours after seminal receptacles were examined. 
majority them did not show lumen but, some instances, small 
lumen was seen. 

hours after seminal receptacles were examined. 
Some them still did not show lumina. Some had very narrow lumina, 
while others had fairly spacious ones. 

hours after seminal receptacles were examined 
and all them had small spacious lumina, but ova spermatozoa 
were seen within them. 

hours after seminal receptacles were examined. 
Most them had spacious lumina, but were empty. 

hours after seminal receptacles were examined. 
few had fairly large lumina but spermatozoa ova were seen. 

hours after seminal receptacles were examined. 
Most them had large lumina, but still spermatozoa ova were seen. 

hours after seminal receptacles were examined. 
all, ova were present. large number ova were being pushed 
forward fill the whole uterus. Among the specimens examined, nine 
had both spermatozoa and ova the seminal receptacles. 

hours after seminal receptacles were examined. 
Some them were still with comparatively small lumina, while others had 
large lumina. Nine specimens had ova the seminal receptacles, and some 
had ova the uteri well and, one those nine, spermatozoa were also 
present small numbers. 
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Female Trichinae White Rats 

Since insemination and ovulation mice were hours later than 
expected, infections white rats were carried out. Similar examinations 
seminal receptacles were made and the result follows: 

hours after infection.—Fifty seminal receptacles were examined. The 
lumina varied from small very large. Ova were seen three specimens 
(6% ovulation). spermatozoa were found. 

hours after seminal receptacles were examined. 
Ten specimens had both ova and spermatozoa the seminal receptacles 
(Fig. Eight specimens had only ova, and three specimens had only 
spermatozoa. This result indicates 72% ovulation, and 52% insemination. 


Discussion 


According Hemmert-Halswick and Bugge (2), most trichinae rats had 
completed their molting hours after infection. However, the results 
from our experiments showed that molting occurred between and hours 
after infection. Since occurred after free spermatozoa were produced, 
the writers believe that the final molt. 

The rectum cloaca nematodes known lined with cuticle. 
This further confirmed our observation slender tube the tip 
the molt. This tube approximately equal the length the cloaca the 
male and the length the rectum the female. 

previous study the reproductive system (3), copulatory tube was 
described. The extrusion this structure constitutes the copulatory bell, 
homogeneous tube without cellular structures. The slender tube found 
the tip the molt the male suggests that the copulatory tube may 
further modification the cuticular lining the cloaca. 

Gould (1) found that insemination had occurred one female trichina 
rat hours after infection. Theoretically, since free spermatozoa 
were found the seminal vesicle hours after infection and the final molt 
occurred some specimens early hours after infection, insemination 
can take place any time hours after infection, depending upon the chance 
copulation. 

Ovulation occurred later than free spermatozoa formation. However, 
ovulation independent insemination, many female specimens were 
found have either ova spermatozoa the seminal receptacles. 

one mouse inspected hours after infection, ovulation was greater 
than another mouse observed hours after infection. tests rats, 
ovulation occurred early hours after infection. shown above, 
there was ovulation rats hours after infection, but one instance 
ovulation had not begun hours after infection (40 seminal receptacles 
examined). 

These observations show that there are sometimes variations the time 
ovulation. The sex the host may factor governing such variations, 
while possible that variations the time ovulation may associated 
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with different amounts by-products produced the parasites themselves 
coincident with the degree infection. The development may also 
influenced the host species. However, much delayed ovulation hours 
trichinae infecting mice phenomenon which needs further study. 
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FILARIID NEMATODES FROM CANADIAN 


‘ 


MAwson? 


Abstract 


Nine species nematodes belonging the Filariidae are recorded from birds 
Canada. these, Desmidocerca nudicauda, Carinema ardae, Diplotriaena 
staliae, and nana, are described new. 


The collection avian: nematodes the Institute Parasitology includes 
some filariid worms. 


Desmidocerca nudicauda sp. 
(Figs. 


Great blue heron, herodias, Ste. Anne Bellevue and 
Perrot, Que., and Aylmer, Ont. 

The worms are small, the males being 4.1 4.5 mm. long and the females 
5.5 5.8 mm. The body fusiform shape, widening rapidly the 
oesophagea! region and narrowing beyond the mid-body, and ends rounded 
tail. 4.1 mm. long, the width the head the base the 
oesophagus 160 the widest part 200 and the anus 

The head bears four papillae and two amphids outer circle and two 
papillae dorsal and ventral positions near the mouth. The buccal capsule 
long; the anterior oesophagus narrower than the posterior one 
and occupies quarter the whole oesophageal length, which 570 680 
the female and 490 500 the male. The nerve ring 120 160 
from the head the male and the excretory pore shortly behind it. 

the female the vulva just anterior the posterior end the oesophagus. 
The tail very short, equal length the anal breadth, which 
neither sex there any caudal ornamentation described for other species 
the genus. 

papillae. The spicules are 370 400 and 130 140 length. The 
longer spicule cylindrical its proximal third, almost without lumen, 
and very narrow with gutter the remainder. The shorter spicule 
much more heavily built and has large head and tapering shaft, ending 
blunt tip. 

The species differs from others the genus chiefly the absence caudal 
spines (4). 
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Desmidocerca nudicauda. 
Fic. Head, lateral view. Head, ventral view. Fic. 


incognita. 
Fic. Head. Female tail. 


Carinema ardae sp. nov. 
Fic. Fic.9. Male tail. 


Desmidocerca incognita (Ssolonitzin 1932) 
(Figs. and 


Host: Cormorant, Phalacrocorax auritus, Creasy Lake, N.B. 

One immature female, 4.3 mm. long, present. The cuticle finely 
striated; the striae the posterior region, formed small punctuations, are 
also present the anterior region where they appear underlie the surface 
striae. the head only four papillae, all the same ring, were seen. The 
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The oesophagus 370 long, which the anterior muscular part, 130 
long, narrow; the posterior part widens slightly towards the base. The 
nerve ring lies 110 from the head, and the excretory pore the level 
the junction the two parts the oesophagus. 

The rounded tail long, and the breadth the anus each 
side near the tip cushion-like rugose area. The vulva lies the mid-body. 

Although only female specimen available, assigned incognita 
because the resemblance its anterior end, tail, and position the vulva 
This species was originally assigned Desmidocercella but this genus 
now considered synonym Desmidocerca. 


Carinema ardae sp. 
(Figs. and 


Host: Great blue heron, Ardea herodias, Ste. Anne Bellevue, Que. 
Bittern, Botaurus lentiginosis, Perrot, Que. 

One male and one female from the heron, and one young female from the 
bittern, are present the collection. The male 7.1 mm. long, the females 
12.5 and 10.6 mm., respectively. The head rounded and the female 
slightly larger diameter than the body immediately following. 
cephalic papillae were observed. There cuticular ring just inside the 
mouth the entrance the oesophagus. The anterior and posterior parts 
the oesophagus are distinguished only their cell structure, not their 
width. They are 210 and 230 the male and 230 and 260 the 
longer female, respectively. The distance from the head the nerve ring 
150 the male and 180 the female. 

The vulva 1.1 mm. and 0.66 mm. from the head the old and young 
females, respectively. The-vagina leads posteriad and short; the two 
uteri are crowded with larvae, which are straightened the part nearest 
the vagina but farther back are loosely coiled. The anus was not seen the 
female. both sexes the tail short and rounded the tip. The male 
bears caudal papillae. The spicules are equal and similar, long; the 
proximal half stout and the distal half tapers point. 

The measurements and body form this species are similar those 
graucalinum Johnston and Mawson, 1940 (3), from Australian bird, 
Graucalus melanops. The distinguishing feature the apparent absence 
cephalic papillae the new species. 


Serratospiculum amaculatum Wehr, 1938 


Host: Prairie Falco mexicanus, Winnipeg, Man. 


Only females are present the collection, and they agree with the descrip- 
tion given Wehr (6) females amaculatum from.the same host from 
various places the United States. 


a 
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Hamatospiculum sp. 


Host: Owl, Asio flammeus, inq. 

female specimen, probably belonging this genus, was taken from the 
orbit the mm. long and 1.5 mm. wide. The anterior 
projections the lip are vulva lies just behind the junction 
the two parts the oesophagus. impossible identify this worm 
specifically although the measurements fit those given Caballero (1) for 
foveatum from the same host species. 


Monopetalonema alcedinis (Rudolphi, 1819) 


Host: Megaceryle alcyon, Montebello, Que. 

Three male worms and one female worm are present. They agree well 
with the description given Freitas and Lent (2), except that there 
median preanal papillae not mentioned these authors. 


The genus Diplotriaena Railliet and Henry, 1909 


Considerable confusion exits regard this genus because many its 
species have been inadequately described. the species studied from 
the most specimens thomasi Seibert, 1944, that Seibert’s (5) conclusions 
regarding the variability some characteristics are particularly useful. 
discards little diagnostic value the position and degree salience the 
vulva, the shape the caudal end, and the papillation the male tail—the 
last, not much because interspecies variation but because the papillae 
are often very hard see. Owing the gaps our knowledge many 
species impossible present compare newly found specimens with all 
the species already existing. highly desirable that the types and other 
material this genus re-examined and critical review made. 

Among the material examined the present study are three species 
Diplotriaena. The first these represented both males and females 
and recorded new; the other two are represented single female 
each case and cannot identified with existing species which the 
description available. figure given each these that they may 
recognized further specimens become available. 


Diplotriaena sialiae sp. 
(Figs. 


Host: Mountain bluebird, Sialia currucoides, White Mud Creek, Alberta 

Three males, from 25.5 28.2 mm. long, and one female 51.2 mm. long, are 
present. The species characterized having long and heavy tridents 
which reach nearly the nerve ring. The ends the tridents are much 
enlarged (Figs. and 11) and they are 190 215 long; the distance from 
the head the center the nerve ring 240 280 The oesophagus 
clearly divided into two parts which the anterior 310 370 long. The 
end the posterior and wider part was not observed. 
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The longer and straight spicule 630 760 long; the shorter twisted 
through about one-and-a-half turns and has two alae; measured from end 
end straight line, from 530 570 long. caudal papillae 
were observed. 

The anus the female about 150 from the end the vulva 
0.55 mm. from the head. Eggs the distal part the uterus are 

Using the key given Seibert (5), this species falls near Maple- 
stone, but differs from trident and spicule length. the key, pungens 
(Schneider) said have very large trident, but the length given greater 
than the specimens from the bluebird. 


100u 


Diplotriaena sialiae. 

Fic. lateral view. Fic. 11. Head, dorsal view. Male tail. 
Diplotriaena sp. (1) from crow. 

Fic. Trident. Fic. end body. 
Diplotriaena sp. (2) from crow. 

Fic. 


Diplotriaena spp. 


Species (Figs. and 14) 
Host: Corvus brachyrhynchos, Macdonald College, Que. 


One female, mm. long, present. The tridents are well developed and 
reach about half way between the anterior end and the nerve ring, which 
near the base the anterior part the oesophagus. The ends the prongs 
the tridents are enlarged. The length the trident 120 the distance 
from the anterior end the nerve ring 230 The vulva 600 from 
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Species (Fig. 15) 

Host: Corvus brachyrhynchos, Macdonald College, Que. 

One female, 109 mm. long, present, with small delicate tridents long, 
with the ends the prongs slightly enlarged and bilobed. The tridents reach 
about half the distance between the anterior end and the nerve ring, and the 
nerve ring lies near the base the anterior part the oesophagus. The 

Although the host birds these two specimens both came from the same 
locality, the differences between the tridents and the size the eggs are too 
great ignored. may that they represent extremes trident size 
and structure. 


nana sp. 
(Figs. 


Host: Ardea herodias, Ste. Anne Bellevue, Que. 

One male and one female worm available. The species distinguished 
from all others the genus the very much smaller size the female, and 
from galliardi (the only other species which the male known) the 
length the spicules. spite the great difference size the specimens 
are placed this genus because the characteristics the head and 
the oesophagus. 


200p 


30u 
—, 


Avioserpens nana sp. nov. 
Fic. end female. Anterior end male. Fic. 18. Head 
female. Fic. 19. Tail female. Fic. 20. Posterior end male. 
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The male mm. long, the female cuticle very finely annulated. 
The cephalic papillae are very distinct the female, where they follow the 
pattern for the genus—a pair papillae each the dorsal and ventral 
positions near the mouth and pair lateral papillae and four pairs 
submedian papillae outer ring. Amphids were not seen. The papillae 
were not clear the male, and certainly none outstanding those the 
dorsal and ventral positions the female. 

The oesophagus composed short anterior portion, 140 long the 
male and 150 the female, and longer swollen part which 700 long 
the male and 500 the female; apparently this followed immediately 
the intestine. The oesophagus was not present and larvae were seen. 
The vulva was not seen. The tail both sexes long and tapering and 
ends sudden narrowing point. the male, the level the 
narrowing there are five ventral spines, and near the terminal point there are 
two accessory spines. These are not present the female. The male tail 
300 long and that the female, 400 There are anal caudal 
papillae the male. The spicules are equal, 240 long, the proximal third 
wider than the rest; the gubernaculum 150 long with 
imal part. 
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THE NON-RANDOM DISTRIBUTION INVERSION BREAKS 
THE MIDGE TENDIPES DECORUS! 


Abstract 


The midge Tendipes decorus shows high degree chromosomal polymorph- 
ism, almost exclusively the form paracentric inversions. Inversions are 
significantly concentrated the second chromosome, which the 
analyzed breaks are assigned. Within this chromosome, inversion breaks are 
again grouped number clusters. Successive inversion steps frequently 
show near-coincidence breaks and sometimes strict coincidence, that 
near-tandems and tandem complexes result. The causes the non-random 
distribution breaks are discussed. The hypothesis first proposed Novitski 
favored: that inversion heterozygosis such predisposes the formation 
derivative inversions related one more breaks the antecedent. 


Introduction 


Our most detailed information evolutionary processes derives from the 
fruitful union genetic analysis and salivary gland chromosome examination 
Drosophila (35, 45). According these cytogenetic studies, evolution 
based jointly chromosome rearrangements and gene mutations. The 
main function rearrangements reduce recombination relatively 
rearranged segments thus leading the establishment isolated gene blocks 
with diverse allelic content. 

Before any rearrangement can occur the chromosome complement has 
suffer two breaks (33). The location these breaks assumed random. 
Since rearrangements are rare and the compound two breaks, each 
which may occur one several thousand sites, the possibility recurrence 
the identical rearrangement the phylogeny species may discounted. 
Rearrangements are serve phylogenetic tracers. 

The commonest rearrangement Drosophila the paracentric (centromere 
non-including, intra-arm) inversion. The scarcity pericentric inversions 
and interchanges plausibly reconciled with random breakage antagonistic 
selective effects aneuploidy and non-disjunction. 

Apart from chance establishment small populations, inversions may 
spread heterotic interaction coadapted gene blocks relatively 
inverted segments (18, 43). The ensuing selective advantage heterozy- 
gotes may scale which leads demonstrable deviation the 
proportion arrangement azygotes, heterozygotes, and homozygotes from 
the balanced Hardy—Weinberg distribution. 
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All these generalized contributions evolutionary theory are based 
Drosophila. The wide involvement inversions has been ‘excused’ the 
grounds that special mechanisms exist this genus which mitigate the 
deleterious consequences most types crossovers inversions, namely 
absence crossing over the male and elimination bridges and fragments 
the female. becomes therefore special interest study evolutionary 
mechanisms Diptera with normal chiasmatic male meiosis. 

What urgently required correlated study structural hybridity 
determined salivaries and its effect meiotic parameters determined 
spermatocytes the same larva. 

The present report gives the requisite analysis chromosomal polymor- 
phism population the midge decorus. Rearrangements 
this species exhibit striking non-randomness breaks and the major part 
the paper dedicated the mapping independent break points and 
discussion the factors determining their distribution. The upshot 
the discussion revive interest the suggestion first made Novitski 
(34) that structural heterozygosity such promotes derivative changes, 
that loop configurations provide stress for breakage and proximity for reunion. 

Incidentally the study contributes the slowly increasing fund cyto- 
logical information ecologically important group, the larval taxonomy 
which difficult. 


Material 


The study was carried out population the midge 
decorus from the west branch the Don River the outskirts Toronto. 
The species belongs the subfamily Tendipedinae and tribe Tendipedini. 
The nomenclature that Townes unfortunate that the midges, 
long familiar cytologists chironomids, now turn under the disguise 
tendipedids. 

decorus widely distributed. Townes considers the most abundant 
and widespread the larger nearctic tendipedids and reports many 
localities the United States and Canada. apparently strictly nearctic 
distribution (26). Larvae decorus are ooze browsers. They live 
reinforced tubes benthic ooze, depths water eight feet. Further 
information the morphology, life history, and biology the species 
found the papers Johannsen (26), Ping (38), and Branch (12). 

particular concern geneticists evidence the number genera- 
tions per year and the mobility the various developmental stages. One 
five generations per year have been claimed for decorus. Miller (32), 
from emergence data, reported one generation per year Costello Lake, 
Algonquin Park, Ontario. Lindeman (27) presented limited data suggesting 
three generations per year Cedar Bay Lake, Minnesota. Ping (38) 
reported evidence that five generations per year may develop the vicinity 
Ithaca, New York. 
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Our observations indicate two generations per year the Don River. 
Observations made 1951 are representative. All through the winter 
months and the spring thaw, mature larvae were plentiful; thereafter, 
they were extremely rare absent until the third week July, when larvae 
were again found quantity (first egg-generation 1951). Large numbers 
pupae (first egg-generation maturing) were found August August 
numerous egg masses (second egg-generation 1951) were found and the 
larval population was markedly reduced. collection made September 
included many very small larvae (second instar, second egg-generation) 
these would have overwintered and emerged the spring, 1952. There 
clear-cut diapause since mature larvae will pupate the laboratory 
regardless the date collection. 

Miller (32) presents indirect evidence that significant migration larvae 
occurs lakes, and rivers larvae are passively transported floodwaters. 
The Don River usually freezes over December. When the ice finally 
breaks March, floods follow and the river may rise much four 
five feet. The chironomid-bearing silt scoured away and chironomids 
are not found this part the river until the next generation develops. 
Excessively heavy rains have similar effects. The pupae presumably are 
similarly the mercy the dynamics the stream. Adults emerge 
sunset (38) and swarm about feet above the ground. Mating accomp- 
lished flight (38). Nothing definite known about the dispersal the 
adults but the possibility must obviously considered that they may 
carried winds. all seems probable that effective population size 
large and gene dispersal rapid. 


Methods 


Larvae were separated from river bottom mud with small screen and 
transferred with forceps bottle river water. When not required 
immediately they were stored refrigerator; thus cooled, they kept satis- 
factorily for week. winter, larvae were collected through the ice 
locations selected before freeze-up. avoid exposing the larvae frost, 
the larva-bearing mud itself was collected. This was stored cool place 
and larvae were sieved from required. They survived month more 
under these conditions. 

Best slides are obtained from mature larvae just before the onset 
indicated the appearance swelling the thoracic region. 

After various preliminary tests cytological techniques were restricted 
squash preparations essentially described 
Rothfels and Dunbar (40) for black flies. Optical equipment and photo- 
graphic procedures were also that study. 

certain times the year only weak staining was possible with the 
Feulgen schedule. This condition prevailed throughout the summer months 
and disappeared with the onset colder weather September October. 
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From then until spring, stainability was uniformly good. Variations 
fixation time, hydrolysis time, and hydrolysis temperature 
treatment with fresh stain were ineffectual the difficulty. 


Results I—Description Standard Chromosomes 


(A) General Procedure 

Gonial mitoses decorus show haploid complement four chromo- 
somes, the three long ones being metacentric and the short one acrocentric. 
Correspondingly there are four giant polytene chromosomes salivary gland 
nuclei which were numbered decreasing order length. The 
predominant homozygous arrangement was determined for each chromosome 
and its band sequence established the standard with reference which 
aberrations would described. Fig. composite three photographs 
the same nucleus, shows the general aspect these four standard salivary 
gland chromosomes. each the three longest, the constituents are 
intimately paired throughout their length and spiral about each other 
form two three gyres. Small relative size, wide separation the left 
ends (indicated labelling first band), and three major heterochromatic 
regions characterize Chromosome IV. The chromosomes are free one 
another; there chromocenter. 


Maps the standard chromosomes were then prepared, the maps being 
revised and supplemented whenever segments suitable for the purpose could 
found. Only standard homezygous segments well removed from inverted 
ones were used. Some regions were more completely mapped than others. 
Particularly densely banded sections transverse shrinkage the interband 
regions caused adjacent bands become drawn together some extent. 
Apart from this clumping effect fine bands adjacent heavy one were 
frequently not because the shadowing effect the latter. 


Fic. Standard salivary gland chromosomes III, from single, nucleus. 
Left ends are indicated labelling the first band each chromosome. 

Fic. Standard band sequence. Arrows near and 
indicate breaks inversion and arrows near 10D and 15A delimit segment uninverted. 

Fic. Chromosome constitution AAB. The homozygous inverted segment 
delimited arrows near and 8A. The left break the heterozygous inversion 
marked arrows both constituents; the right, near 15A, not clearly visible. 

Fic. Chromosome (entire). Standard band sequence. Arrows segments 
and show breaks inversion 

Fic. Chromosome (left end) constitution AA. homozygous inversion 
delimited by, arrows. 

Fic. Chromosome (segment) showing failure pairing standard constituents 

Fic. Chromosome (segment) showing aneuploid and constriction 
lower constituent between 22C5 and 22E1. 

Fic. Chromosome III (entire). Standard band sequence. Arrows near 44A and 
42A indicate breaks inversion 

Fic. Chromosome III (right end) constitution AA. Arrows delimit homozygous 
inversion 

Fic. 10. Chromosome (entire). Standard band sequence. Nucleolus 
and Ring Balbiani 

Fic. (entire), homozygous for complex inversion 
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Much depended the chance occurrence well resolved segments. 
total 1561 bands have been identified the four chromosomes. 

The maps are shown Plates diagrams favorable chromosome 
segments. The diagrams were prepared tracing many bands possible 
from the photographs. The remaining bands were then drawn their 
proper whether not they showed the photograph were 
visible the original specimen from which the photograph was taken. 

Map nomenclature similar that used Drosophila studies (14). 
Bands are numbered consecutively from the first band Chromosome 
the last Chromosome band designated two arabic numerals 
separated capital letter, e.g. 9C2. first numeral 50) refers 
region section, the letter subregion, the second numeral 
band within the subregion. Wherever the second numeral 
omitted the text understood the photographic maps 
most instances the band numerals are omitted; they may determined 
reference the margina! line diagrams. 


(B) Description Chromosome 

Standard Chromosome illustrated Figs. and Plate The 
general aspect the whole chromosome shown Figs. The segment 
photographs (Figs. constitute the map this chromosome. 

Chromosome longest the four chromosomes, includes 493 bands, 
1A1-15F8. The length the chromosome shown Fig. about 190 
Considerable variation length occurs between larvae, between cells, and 
through differential stretching slide preparation. The left end the 
striction between 3A1 and 3B5 Figs. The region 
usually expressed swelling puff which bands such are extremely 
difficult resolve. This region presumed contain heterochromatin. 
The typical puffed appearance shown Figs. 16. The bands are 
more clearly but less typically resolved Fig. 17. Region 
conspicuous possessing numerous fine bands and few heavy ones (Fig. 17). 
usually more slender than the rest the chromosome (Figs. 3). 
constriction generally found between 14C3 and 14D1 (Figs. 20, The 
right end frequently somewhat fan-shaped Fig. 21. 

There conclusive morphological evidence the position the centro- 
mere Chromosome Somatic mitoses tell that the three long chromo- 
somes are metacentric. Assuming that the observed inversions (see below) 
are paracentric, there remains long central segment (7B6 10D1) which 
qualifies centromere site. Within this segment the doublet 
tempting choice, since conspicuous group placed more less sym- 
metrically among many fine bands and thus suggestive the presumed 
centromeres Thummi (3) and the expanded regions black flies (40). 

Chromosome was always found intimately paired throughout its length 
when structurally homozygous. 
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(C) Description Chromosome 

Standard Chromosome illustrated Figs. and 22-37. The 
general aspect the whole chromosome shown Fig. composite 
two photographs the same chromosome joined near 25A). Chromosome 
II, second longest the four chromosomes, includes 500 bands, 
the length that shown Fig. about 175 The left end fan-shaped 
(Figs. There constriction between 16E1 and 17A1 (Figs. 
and between and (Fig. 4). Bands may heterochromatic. 
Usually they exhibit uniform finely stippled appearance not evident the 
photographs; few specimens they have been resolved three granular 
bands. Bands are similarly ‘fuzzy’ and suggestive heterochro- 
matin (Fig. Region rarely stretches well squashing and 
exception bands 28E1, 29A1, usually appear rows more 
less discrete granules (Fig. 34) unlike the undifferentiated appearance 
most others. The chromosome sometimes has somewhat pointed and 
expanded right end (Fig. 37); more usually slightly flared. 

Assuming again that the known inversions Chromosome are para- 
centric, the metacentric segment contains the centromere. 
Within this quite limited segment the heavy triplet (Fig. 29) the 
preferred choice. 

Chromosome was nearly always intimately paired throughout its length 
when homozygous. 


(D) Description Chromosome III 

Standard Chromosome III illustrated Fig. and Figs. 38-45. The 
general aspect the whole chromosome shown Fig. Chromosome 
III, third length among the four chromosomes, includes 400 bands, 32A1- 
44F5; the length that shown Fig. approximately 130 The left 
end usually flared; alternative appearance encountered occasionally 
seen Fig. 38. Often bands lose their individuality and present 
‘saw-tooth’ appearance Figs. 38; they are very rarely resolved 
distinct bands and probably should considered heterochromatic. Region 
conspicuous possessing numerous fine bands and few heavy 
ones; resembles superficially Chromosome 8D1-9D1. The right end 
Chromosome generally exhibits pronounced 
effect’’, particularly region The right end often fan-shaped. 

Speculation the position the centromere Chromosome III 
impeded the scarcity inversions which would serve limit central 
segment. However, segment resembles its general features 
the presumed centromere-bearing regions Chromosomes and Within 
the doublet 39A1, the favored choice, but the triplet distinct 
possibility. 


Fics. photographic maps standard segments. Sections, 
subsections, and bands indicated diagrammatically ink. 
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Chromosome III was always intimately paired throughout its length 
when structurally homozygous. 


Standard Chromosome illustrated Figs. 10, 46-53. The general 
aspect the whole chromosome shown Figs. 10. Chromosome IV, 
the shortest chromosome, includes 168 bands, the length 

Pairing Chromosome variable; however there are two fairly constant 
features. First, the left ends the constituent chromosomes, 45A1 
approximately 47A1, are always found separated (Figs. 10). Second, the 
constituents are usually paired region (approximately) even 
though pairing may absent the remainder the chromosome (Figs. 
10). Pairing irregular the rest the chromosome. certain instances 
the center regions are paired while the right ends are not. others the 
converse true. Both types may found the same larva that the 
difference evidently not genetic. 

There are least three heterochromatic regions Chromosome IV. The 
first these extends from 45A1 about 45C1. The commonest appearance 
this region may seen Fig. The constituents this region are 
frequently spread out and subdivided into numerous fine radiating filaments 
which bear heavy chromatic granules instead typical bands. These 
chromatic blobs resemble the described Bauer (4) 
Trichotanypus. Rarely typical bands resembling those euchromatic 
segments are found, shown Fig. 46. Both types may occur the 
same larva. 

Between 46A1 and 46B1 heterochromatic puff, whose typical appearance 
may seen Figs. and 47. This locus the site the single large 
nucleolus. The distending effects this organelle presumably account 
for the universal failure pairing this region. 

The third heterochromatic region lies 48A1-48E1. Ring 
Balbiani the terminology cytological writing chironomids, although 
not prominent well resolved those illustrated Bauer and 
Beermann (5). The chromosome typically disperses into radiating fibrils 
suggestive system branching rootlets. The usual appearance the 
region suggested Fig. rare example which the bands are more 
distinctly resolved seen Fig. 50. 

46B1, have been termed The term “hetero- 
and (III). Probably the list should extended. These regions 
are frequently disbanded, amorphous, and expanded otherwise well fixed 
specimens. Admittedly they show proper banding some nuclei. The 


Fics. 22-37. Chromosome II, photographic maps standard segments. Sections, 
subsections, and bands indicated diagrammatically ink. 
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observations Mechelke (31), Beermann (7), and Breuer and Pavan (13) 
demonstrate that heterochromatin varies expression within tissues, be- 
tween tissues, and ontogenetically. also well known that adjoining 
euchromatin may heterochromatized varying degree (17). spite 
the vague connotation the term will therefore continue refer 
these segments 

From study gonial mitoses Chromosome known acrocentric. 
Because the occurrence single quasiterminal perinucleolar inversion 
later described appears likely that region 50D6-50E5 contains 
the centromere. This is, however, not conclusive proof its position. 


Results Rearrangements 


this study gene arrangements the salivary gland chromosomes 373 
larvae were classified. The thesis (22) gives precise information collection 
dates and localities. Since statistical tests fail reveal significant differences 
arrangement frequencies between the three generations and two localities 
actually sampled, the data have been combined for the purposes the present 
section. 

Arrangements found analysis the 373 larvae are summarized Table 
All rearrangements are inversions relative standard, duplications, 
deficiencies, interchromosomal translocations having been found (two 
aberrations Chromosome II, whose nature was uncertain, are not included 
the table). Each designated capital letter,* the letter being 
reserved for the standard gene sequence. 

Arrangements are described terms the standard maps (Plates II-IV) 
listing the end bands the segment segments which they are composed 
together with the two bands the standard sequence between which the 
arrangement occurs. The segments are marked off periods. For example, 
arrangement IIR described thus: 

(19B6, 20A2, 


*Two methods are available order preserve open system naming gene arrange- 
ments: 

(1) separate symbol might assigned each two-break step regardless whether 
independent, included, overlapping relation others, with the attendant disadvantage 
giving separate symbols the components overlapping complexes which are invariably 
linked transmission. 

(2) Alternatively separate symbol might assigned each arrangement which cannot 
broken crossing over, i.e. single symbols independent inversions and overlapping 
complexes and separate symbols the components included inversions, with the disadvant- 
age that degree complexity and phylogenetic affinities overlapping complexes are obscured. 

The second method was used the thesis (22). Where near-coincident breaks are involved 
the distinction often impossible between “‘just overlapping’’, ‘‘just 
included” interpretations. Such tandems near-tandems are here denoted single symbols. 
Further difficulties arose the nomenclature incompletely analyzed rearrangements, and 
single symbols were given the complexes and which now realize are separable 
crossing over. these cases the nomenclature the thesis has been adhered to. 


Fics. 38-45. Chromosome III. Fics. 46-53. Chromosome IV. Photographic maps 
standard segments. Sections, subsections, and bands indicated diagrammatically ink. 
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TABLE 
DESCRIPTIONS GENE ARRANGEMENTS FOUND THE FOUR SALIVARY GLAND CHROMOSOMES 


(C’, chromosome No.; A’, arrangement designation; D’, description arrangement; (B’), 
bands whose disposition unknown; F’, frequency; suffix hypothetical arrangement) 


(B’) F’* (%) 
1A1-15F8 131 (37)t 
(3C6, 7B5) 145 (41) 
(10D2, 14D6) (28) 
1D7.3A1-1E1.3A3 (1D8, 3A2) (16) 
16A1-31D5 366 (49)t 
(22A2-3) 
(17A2-4, 20C5-6, 
22A2-3) (0.8) 
31A4 (23C6, 26B2-3, 30A4-31A3) (0.8) 
18C2.22A4 19E4, 20C5-6, 20D5-6, 22A2-3) (1.5) 
(16F5, 19B6) (3.6) 
(27C3-27E2, 30C1-30D4) (0.1) 
30B4) (0.7) 
(16A1-16D4, 19A2-19D3, 
20C2-6) (0.3) 
41C4.43F3-41C6.44A1 (41C5) (17) 
46C7, 48D2-49B4) (27) 
(1).46D1 


*Chromosomes III, frequency 354 constituents. Chromosome II: frequency 
746 constituents. 

salivary gland chromosome heterozygous for two independent rearrangements 
frequently not possible discern whether these are such 
cases the number standard constituents was estimated assuming that coupling and 
repulsion are equally probable. Thus the frequency IS, listed 131 Table based 
110 constituent chromosomes known direct observation, and 21.5 estimated 
above. Similarly the frequency IIS, listed 366, based 353 observed and 13.25 
estimated constituents. realized that independent arrangements may not random 
distribution linkage close. Where tests were possible the present study (IA, 
IIA, C), independent rearrangements proved randomly assorted the chromosomes the 
population. This was not true for extremely closely linked arrangements such the compo- 
nent which did not occur separately. However, where linkage close, continuity 
easily traced heterozygotes and the scoring problem does not arise. 
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This arrangement involves the bands between 19B5 and 21D6 the standard 
chromosome. composed three segments: the first consists the 
bands the standard sequence from 20E6 21D5 inclusive but reversed 
order; the second consists bands 20A3 20E3 the same order the 
standard chromosome; the third consists bands 19C1 20A1 reversed 
order. The description does not account for bands 19B6, 20A2, and 
Where bands are not included description, their disposition unknown. 
deletion not implied. Bands not included are either fine bands which 
could not resolved the specimens which the arrangement was found 
bands which, though represented approximately bulk and number, 
were atypical appearance and could not positively identified. 
some descriptions (e.g. IID) numerals parentheses appear; these designate 
small unidentified segments described later paragraph. 

reduce the cumbersome symbolism, individual rearrangements 
subsequent analysis are sometimes hoc redescribed using 1.2 for the first 
break the standard arrangement, 3.4 for the second, 5.6 for the third, 
and Thus IIR would more simply described 

the last column the table are given the frequencies with which the 
arrangements occurred the total number constituent chromosomes 
analyzed—746 constituents (all 373 larvae) the case Chromosome II, 
354 constituents (177 the 373 larvae) for Chromosomes III, IV. The 
frequencies are also expressed percentages. 

the following paragraphs, additional information certain arrangements 
presented supplement the description given Table Two aberrations 
Chromosome not included Table are also described. 

IA. IB: Fig. shows chromosome homozygous for and heterozygous 
for which consists single segment, delimited two arrows, 
one near and one near 8A. the right end the chromosome loop 
configuration characteristic inversion heterozygotes which the constituents 
differ single inverted segment. The left breakage point marked 
arrows both constituents; the right, near 15A, not clearly visible. 
For comparison, segments and uninverted, are indicated arrows 
the standard chromosome Fig. 

ID: This arrangement was found only two larvae and therefore not 
precisely delimited. The description given Table certain but leaves 
many bands unaccounted for. more precise, but only probable, description 
follows: 

(15C6) 

IIA: Fig. shows chromosome homozygous for this single segment 
inversion. The inverted segment lies between the two arrows. The same 
segment, uninverted, marked arrows the standard chromosome, Fig. 

IID: The small unidentified segments (1) and (2) (Table were apparently 
composed bands 

IIF: Segment (1) (Table consists bands resembling 
Bands may may not have been present (2). 
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This arrangement was found only one larva, which yielded 
imperfect slide. The description listed Table therefore only probable. 
There doubt, however, that consisted single inverted segment 
nor that bands the left 27C2 were not included the inverted segment. 

IIK: This arrangement was found only one larva, which yielded 
extremely poor slide. The configuration which was involved indicated 
that composed least two inverted segments. (Table 
forms major portion the first segment least the first large one. few 
the bands unaccounted for are disposed (1), the majority, however, 
lie (2) and contribute what was apparently second inverted segment 
but which might fact several small ones, since the bands could not 
identified. The extent the known segment such that cannot identical 
with any other Chromosome arrangement found. The first band definitely 
identified being the standard sequence 23C6. The possibility 
being pericentric thus not excluded; however, view the poor slide 
quality, appears more probable that paracentric termination the 
complex has been overlooked. 

IIL: the most complex arrangement found this study, occurred 
only two larvae. Six known segments are listed the description (Table I). 
The many bands unaccounted for may disposed extend one 
more these six segments form additional segments both; whichever 
the case, the majority are located the group represented the numerals 
parentheses Groups are very short and contain approximately 
five bands each. Group (4) possibly but much more likely 
30A2-30C1. The first bands group (5) slightly resemble 
the remainder strongly resemble Apparently the end the 
chromosome has been inverted. 

The description given Table certain. probable that this 
more complete description also correct: 

IIR: The description given Table certain. very probable 
that the following more complete description also correct: 

(19B6, 

Chromosome were found two abnormalities whose nature uncertain. 
The first these illustrated The abnormality failure pairing 
between two constituents which appear standard. The 
abnormality was found two larvae. Every Chromosome the two 
slides showed the abnormality, that failure pairing was due some 
inherent difference between the two constituents and cannot attributed 
squashing during slide preparation. numerous specimens the banding 
pattern could clearly resolved both constituents but there was per- 
ceptible structural difference between them; the banding pattern was identical 
with that shown the standard maps. 
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The second abnormality illustrated Fig. also occurred two 
larvae. The constituent the left Fig. standard; the one the 
right contains abnormality between 22C5 and 22E1. place the 
single band 22D1 shown the standard constituent, the aberrant one pos- 
sesses constriction which there are three heavy bands (indicated 
question mark), and number fine bands whose relationship the standard 
sequence could not determined. 

This the only unbalanced (aneuploid) rearrangement encountered the 
present study. resembles strikingly the insertion ‘‘Ins” described 
Beermann (10) for tentans and pallidivittatus. 

The possible significance identical regions being involved the two 
abnormalities described above was not lost but useful hypothesis could 
formulated which would relate them each other. 

IIIA: This single segment inversion illustrated Fig. which shows 
chromosome homozygous for The inverted segment delimited 
arrows. The same segment, uninverted, marked the standard chromo- 
some Fig. for comparison. 

IVA: This arrangement illustrated Fig. 11, which shows the general 
aspect chromosome homozygous for number bands have been 
labelled facilitate comparison with standard maps. Pairing heterozy- 
gotes extremely variable and may occur one, two, three, even more 
the five possible pairing segments (Table and various combinations. 
Segment (1) Table includes most the bands not accounted for the 
description; segment (2) quite small. 

IVB: This arrangement, found only once, apparently inversion 
small subterminal segment the left 46D1. From the right end 
the chromosome 46D1 the bands the constituents are definitely homolo- 
gous. The homology may well extend far 46B1. Apparently the 
nucleolar organizer has been inverted subterminal position—subterminal, 
since the heterochromatic bands the left end the standard chromosome 
are apparently not present the right end the inversion. the left end 
Chromosome extremely variable appearance, was not possible 
analyze the arrangement more precisely. 


Results Gland Chromosome Constitutions 
The constitution salivary gland chromosome described means 
one more capital letters each designating arrangement. Except 
indicated these letters, the band sequences are understood standard. 
The following examples illustrate the method: 
Both constituents possess the standard sequence throughout. 
One constituent standard; the other contains arrangement but 
otherwise standard. 
AA: Both constituents contain 
AC: salivary gland chromosome heterozygous for and but otherwise 
standard; the arrangements may disposed both one constituent 
(AC/S) one each (A/C). 
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appendix the thesis (22) the salivary gland chromosome constitu- 
tions all larvae are given individually, since too few were structurally alike 
make grouping practicable. These data are summarized Table II, 
which all constitutions found and their frequencies are listed chromosomes. 


TABLE 
SUMMARY SALIVARY GLAND CHROMOSOMES CONSTITUTIONS AND THEIR FREQUENCIES 


Chromosome Observed Chromosome Observed 
constitution frequency constitution frequency 
Chromosome Chromosome 
ABC 
AAB AAC 
AAC AAD 
AABB ACC 
AABC 
ABBC 
ABB EEF 
ACC 
ACCP 
AABBC ACD 
AACC 
ABBCC 
BBC ADH 
Chromosome III* 
BEF 
CCK 
Chromosome IV* EEL 
ELM 
(1) 


*177 larvae analyzed. 
larvae analyzed. 


The primary analysis data were grouped various ways order test 
the hypothesis that the arrangements are randomly distributed throughout 
the 373 larvae. More specifically was sought discover whether there 
are significant differences arrangement frequencies between the three 
generations and two collecting regions, whether the observed distribution 
arrangements differs significantly from the Hardy-Weinberg equilibrium, 
and whether significant correlation exists between arrangements the same 
chromosome between arrangements different chromosomes. 

Tests homogeneity samples three different larval generations and 
two regions were limited Chromosome data and within these arrange- 
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ments and which alone occurred sufficient numbers for the test 
used. The observed frequencies arrangements and various 
subsamples (generations, regions) were compared with theoretically expected 
values calculated from the total frequencies these arrangements. The 
value each individual comparison excess .10 (Table III thesis 
not shown). There thus reason reject the hypothesis that the data 
for arrangements and generations and regions are homogeneous; 
that say there evidence geographical isolation between the two 
collecting regions mile apart), nor there evidence change frequency 
arrangements and from generation generation. 


TABLE III 


OBSERVED FREQUENCIES ARRANGEMENT AZYGOTES, HETEROZYGOTES, AND 
HOMOZYGOTES WITH FREQUENCIES REQUIRED THE HARDY-WEINBERG RULE 


(C’, chromosome; A’, arrangement; (N’), generation (no. larvae); Az, azygotes observed 
and (theoretical); Ht, heterozygotes observed and (theoretical); Hm, homozygotes 
observed and (theoretical); probability for degree freedom 


(177) (64) 101 (85) (28) 02-.01 


For tabulation, theoretical frequencies have been rounded off. 
*Since the homozygote frequency small, was not computed. However, obvious 
inspection that there close agreement between observed and theoretical frequencies. 


Table III the seven arrangements (IA, IVA) which 
occurred with sufficient frequency have been tested for conformity with the 
Hardy-Weinberg distribution. only one instance there possibly signi- 
ficant difference between observed and expected proportions arrangement 
azygotes, heterozygotes, and homozygotes. the single exception, IIA 
generation between .02 and .01) the substantial excess heterozygotes 
may due chance since there evidence for similar excess genera- 
tions and the combined total all three generations. may 
concluded therefore that the Hardy-Weinberg proportions adequately des- 
cribe the distribution arrangements listed Table III; that is, the popu- 
lation panmictic and structural heterozygosis confers selective advantage 
immature stages. course possible that egg larval stages 
differential selection small magnitude does occur which not demonstrable 
sample the size employed this study. Furthermore the data tell 
nothing about possibly large selective differentials the pupae and 
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Table was devised test whether the common arrangements 
and Chromosome are assorted random whether they show 
preferential association owing residual effects linkage the selective 
effects coadaptation mechanisms. and are opposite arms the 


TABLE 


OBSERVED FREQUENCIES CHROMOSOME CONSTITUTIONS WITH FREQUENCIES 
EXPECTED THE ARRANGEMENTS ARE RANDOMLY ASSORTED 


(C, salivary gland chromosome constitution; f’, theoretical frequency; observed frequency; 
Chi square; probability for degree freedom) 


17.389 0.3920 70-.50 
ABC 9.2615 0.8097 
AAB 8.3700 0.6711 
ABB 4.6185 
3.3285 
ABBC 
AABB 1.6021 
BBC 1.2776 
ACC 1.1608 
ABCC .88870 
AACC 40265 
AABCC 30829 
ABBCC 17011 
BBCC 12259 
AABBCC 05901 

177 11.312 (12 

degrees 
freedom) 


chromosome and separated segment considerable length (ca. 110 
resolved bands) while and are fairly closely linked with crossover segment 
only about resolved bands. The expected chromosome constitutions 
were calculated from the known frequencies the individual arrangements 
given Table Thus, the 177 larvae which Chromosome was 
examined, are constitution ABC. The corresponding theoretical 
frequency, 9.3, was calculated follows: 
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Where A’, B’, and are the probabilities constituent containing 
inversions, and respectively (see Table and S’c are the 
complements these probabilities, i.e. the probabilities constituent 
having standard sequence the respective regions. represents the 
number ways which the possible gametes—S, AB, AC, BC, 
constitution ABC; 177 the total number larvae which Chromosome 
was analyzed. The individual Chi squares are not significant, and the total 
Chi square, 11.312, for degrees freedom gives .50. There therefore 
reason reject the hypothesis that arrangements Chromosome are 
randomly assorted larvae. 


TABLE 


TEST RANDOM ASSORTMENT ARRANGEMENTS AND CHROMOSOME AND 
CHROMOSOME 


(C, salivary gland chromosome constitution; f’, theoretical frequency; observed frequency) 


Chromosome Chromosome 
177 176* 373 372* 


*Difference due rounding off. 


similar test was carried out for arrangements and Chromosome II, 
which are opposite arms and approximately bands apart. The observed 
and expected chromosome constitutions are contrasted The same 
table also presents again information Table arrangements and 
the number classes and greater sensitivity the comparison. Neither 
Chromosome nor Chromosome there any suggestion non-random 
coupling repulsion arrangements and they are freely assorted 
the population. Barring selective interactions, this expected, even 
where the crossover segment extremely small. 

addition the tests described above, contingency tables were 
calculated (not shown) test for association between arrangements different 
chromosomes. The arrangements compared, two time, were 
Chromosome IV. all possible comparisons, the probability 
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obtaining chance alone poor fit the theoretical distribution the 
one actually observed exceeded .15. Thus there evidence for association 
between arrangements borne different chromosomes. 

Since this work preceded publication Beermann’s observations the 
evolution Y-chromosomes Chironomus (11) and our own observations 
the sex determining mechanism black flies (39) attempt was made 
sex the larvae which were examined for inversions. The theoretical 
possibility exists that certain arrangements may linked sex determination. 
This excluded for arrangements IA,B,C; IIA,B,C,E; IIIA; and IVA, 
which occurred homozygously. None the remaining heterozygous 
arrangements were found more than six times, except which overlaps 
the autosomal sequence and thus not likely sex determining. 
Unless males are uncommonly scarce our samples the remaining rare 
sequences can best facultative alternates morphologically undiffer- 
entiated Y-chromosomes. 

All all the available information indicates that this population 
decorus the chromosomal polymorphism equilibrium and constitutes 
stable reservoir cytogenetic heterogeneity rather than reflecting unbal- 
anced, directed, and rapid evolutionary processes under way. 


Results Rearrangements 


The factual descriptions the various arrangements found Chromosome 
I-IV decorus are given Table and the text under Results II. 
Phylogenetic interrelations the various arrangements and the distribution 
independent break points are analyzed the present section. Where 
proved impossible bracket breaks single interband regions, the break 
plotted the center the residual segment’’, the extent which 
indicated one half the number the segment. Thus 17E3/4+2 
signifies break between 17E1 and 17E7 break segment five bands. 
The terms and when used conjunction with inversions refer 
position breaks the standard map. Certain arrangements defied 
complete analysis and others could interpreted equally well two 
more plausible hypotheses. such cases that interpretation has been 
favored which reduces the total number breaks and the degree break 
coincidence toa minimum. Because this procedure the eventual conclusion 
non-random distribution breaks may claimed fortiori one. 

Chromosomes III, and IV, which contain relatively few rearrangements, 
are discussed before Chromosome II. Chromosome four rearrangements 
the standard sequence have been described (A-D, Table Fig. 56). 
All four are composed single inverted segments. The two left arm 
inversions, and are in- 
dependent each other. shown Results III, they assort randomly 
despite the relative shortness the segment between them (15 resolved 
bands). Thus even assuming that the ancestral type, useful specula- 
tion can entertained about the order which the inversions arose; nor 
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know whether the second inversion occurred chromosome already 
carrying the first was transferred crossing over. 

The right arm inversions, and D(14A5/6+1 
constitute the first example decorus overlapping 
pair, segment being involved both. The analytical importance 
such inversions well recognized since Sturtevant and Dobzhansky (41) 
showed that very plausible assumptions the extremes overlapping 
must phylogenetically related through the central arrangement. 
Thus may write where refers standard segment 10D2 15C3 
only, and the ancestral arrangement remains unidentified. 

Inversions and are common with frequencies between 16% and 41% 
but inversion was found only twice 354 constituents. Scarcity may 
conceivably due selection operating against high frequencies, the 
same population, both and which through crossing over 14A6-14D5 
could produce aneuploid gametes. 

The eight break points known Chromosome are plotted Fig. 56. 
Their distribution obviously random. 

The four described inversions are presumably paracentric and limit the 
centromere site described Results 

Chromosome III only the single inversion 
has been found (Table Fig. presumably paracentric and quite 
common (17%) the chromosomes the population. 

Chromosome two inversions have been described (Table Fig. 56). 
One, (45B1/2+6 46C1/2+6), occupies subterminal segment the 
left end the chromosome. The second inversion, involves approximately 
three-quarters Chromosome and overlaps slightly the region occupied 
inversion itself differs from standard rearrangements involving 
the following four breaks: 46C1/2+6 left), 47B1/2 left), 49A1/2+8 
ment (1) contains most the bands not accounted for; segment (2) very 
readily derived from standard two overlapping inversion 
steps, the missing intermediate link being This the 
hypothetical Table hypothetical because was not observed the 
present study. may extinct rare confined populations which 
were not sampled. The breaks are only poorly bracketed; however, 
since (1) Table contains most the bands unaccounted for clear 
that both breaks must well the right center the extensive 
break segments. 

Invoking the principle overlapping inversions have the phylogenetic 
sequence Standard and the extremes overlapping triad, 
are common the same population although crossing over 
(16+ bands) S/A heterozygotes expected give inviable gametes. 
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The six break points identified Chromosome are shown Fig. 56. 
They are well distributed over the length the chromosome except for 
right and left, which are nearly coincident. 

Chromosome remarkable for the large number and diversity its 
arrangements. rearrangements the standard sequence have 
been described (Table I). Only one these occurred with frequency 
greater than 10%, three had frequency between and 10%, and the re- 
maining occurred with frequency less than 1%. account the 
large number arrangements occurring with low frequency and because 
the relatively small number larvae examined, very probable that there 
are arrangements this chromosome the population yet discovered. 
With the possible exception the extreme ends, segment 
the only portion this chromosome not involved one inversion another. 
presumed contain the centromere. 


Left Arm Rearrangements 

Arrangement (Table differs from standard reorganization involving 
four breaks: 17A3/4+2 left); 18C1/2 left); 20C5/6+1 right); 
22A2/3+1 (Bu right). overlapping complex the type 
2.5-4.8. The hypothetical intermediary has not 
been found such but other known rearrangements are based (see 
below). 

chromosomes are simply related chromosomes one overlapping 
inversion, the additional breaks being 19E3/4+1 and 20D5/6+1. The re- 
sulting arrangement the type Thus 
may write: The series describes relationships region 
22A1 only. Again, the ancestral form that has given rise the others 
unknown. Heterozygotes B/S have one crossover segment, 
heterozygotes E/S have three such segments. The total number resolved 
bands these segments ca. the first case and the 
second. the six breaks involved only two right and right) are 
all close each other when plotted the standard map. 

Arrangement simple inversion the standard with the break points 
19B5/6+1 and 21D5/6. the map its limits are included within those 
Discussion its phylogenetic relationships follows the analysis 

Arrangement the first example decorus included inversion; 
that related standard two successive inversions one which 
completely included within the other. Furthermore, the inver- 
sion identical its breakpoints with and the inversion 
identical with Thus the four related arrangements Bu, and may 
described terms the same segments 

1.7-6.4-5.3-2. 
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well known property included inversion complexes that the compo- 
nents are separable certain kinds double crossovers. 

Discounting the possibility the repeated occurrence evolution 
may stipulate that one the four arrangements arose through crossing over 
between two the others. The interrelations By, and are accord- 


ingly correctly described where each arrangement derivable 


through appropriate two- three-strand double crossovers heterozygotes 
for the adjoining sequences. Thus may have originated simultaneous 
crossing over segments and the heterozygotes A/Bu, might 
crossover product and By. not known which the four 
arrangements arose through crossing over and which the remaining three 
ancestral. the diagram (Fig. 54) shown arbitrarily resulting 
from crossing over and breaks have been plotted for Fig. 56. The 
symbol the thesis should properly replaced 

The preceding analysis the sequences S.A and provides indirect 
evidence for the occasional occurrence two chiasmata per chromosome 
arm chironomids; indeed for their occurrence relatively short pairing 
segments complex inversion configurations and regions which have 
undergone other inversions and should thus exempt from crossing over 
the inversion tolerance. 

Arrangement related standard included inversion. The 
large component the smaller inversion, included within has the new 
break points 20A1/2+1 and 20E4/5+1. Properly speaking the arrangement 
said about the order which the inversion arose; granting that the 
ancestral arrangement, either the small component (R’) might have 
occurred first. addition the possibility must admitted arising 
crossing over between and manner similar that postulated for 
since evidence has been uncovered the separate existence 
R’, the phylogenetic diagram (Fig. 54) based the serial relation S-A-R. 
This follows the procedure Dobzhansky and Epling (20) for included 
arrangements such Treeline and Olympic Drosophila pseudoobscura. 
admittedly not rigorous. 

Arrangement overlapping complex related standard through 
The two new break points are 16F4/5+1 and 20F4/5. The stepwise relation 
coincident with the left break the standard map (Fig. 56). 

the first several puzzling arrangements which are apparently 
tandems and which propose interpret spurious multibreak rearrange- 
ments (‘‘pseudomultiples’’) actually arising two separate inversion steps 
with one pair coincident breaks. Seemingly possesses only two segments 
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corresponding three breaks which have been bracketed 
quite closely. Two these breaks, 19B5/6+1 and 21D5/6, are identical 
with the breaks the third break segment, 17A3/4+2 identical with 
that containing the left break Discounting the possibility that 
actually three-break multiple rearrangement with the added remarkable 
properties mimicking inversion and the left break must assume 
fourth undiscovered break within the limits one the three identified 
break segments. Accordingly there are three tenable two-step hypotheses 
account for 

(1) The fourth break 19B5/6+1; composite two 
independent”’ inversions, the right hand inversion being 

the left hand inversion having occurred first. 

(3) The fourth break 21D5/6. This implies strict break coincidence 
and the resultant rearrangement would indistinguishable from 
simultaneous three-break rearrangement. 

Since break segment 21D5/6 consists single interband region, hypothesis 
actually the limiting case hypothesis Assuming hypothesis 
correct, the fourth break may plotted either 21D5/6 19B5/6+1. 
Hypothesis must eliminated since calls for plotting four new breaks 
and implies near-exact copy Hypothesis accepted being most 
economical break points, reduces the new breaks 
plotted two (17A3/4+2, 19B5/6+1) and minimizes coincidence 
plotted breaks. Final ruling out multibreak hypothesis may achieved, 
all, further analysis and discovery the fourth break point and what 
must very small third segment. Assuming that really consists 
two just independent inversions, should given binomial designation 
such H’A. However, independence not proved, but, exists, coupling 
must extremely close and evidence was obtained for the separate 
existence the left hand component H’. For the time being write 

Arrangement differs from standard simple inversion with the break 
points 17A6/B1 and 18C5/6+3. These breaks are near-coincident with 
the left break and cannot, however, phylogeneti- 
cally related these arrangements since overlaps and its derivatives 
least one band. Thus must write 

second arrangement like which has only three known breaks and 
two segments the rearranged section. Unlike the breaks 
are not closely bracketed that there may reasonably well separated 
fourth break and third segment appreciable length awaiting detection. 
The extent the known segments such that cannot have component 
any known hypothetically postulated rearrangement. Thus all three 
break segments 16B4/5+11, 19B6/C1+10, 20C3/4+2 must plotted 
new. Again there are three possible two-step hypotheses differing the 
location the unresolved fourth break. From the description and photo- 
graphs the thesis (22) (not shown) the hypothesis appears 
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offer the best prospects accounting for the unknown segment (1) 
Table Accordingly break segment 19B6/C1+10 was plotted twice 
Fig. 56. Substituting either the two possible hypotheses 
would similarly entail plotting pair near-coincident breaks. 

Analysis arrangement too fragmentary yield much useful infor- 
mation. Since the first definitely established band the standard sequence 
23C6, the possibility not ruled out that may bea pericentric inversion. 
The known extent the first major segment such that its 
limiting breaks cannot identical with any breaks already plotted. The 
left hand break 17A6/B1+13 the only one sufficiently well defined 
warrant plotting Fig. 56. roughly region which the independent 
arrangements also have their distal breaks. Since the possibility 
not excluded that may overlap other known arrangements, has been 
omitted the phylogenetic diagram Fig. 54. 


Fic. interrelations sequences observed the left arm Chromo- 


The piecemeal information phylogenetic interrelations Chromosome 
left arm arrangements, analyzed above, drawn together the general 
diagram Fig. 54. Lines connecting adjacent arrangements should 
thought double-headed arrows. The diagrammatic account the 
evolutionary past the chromosome becomes fixed there known the 
ancestral arrangement which, through successive inversions, gave rise all 
other sequences. Arrangements and are obvious contenders because 
their numerical prevalence and central position the evolutionary scheme. 
However, antiquity other arrangements not excluded. Suggestive 
evidence might obtained from distributional study various arrange- 
ments from analysis gene sequence related species. For the 
present the identity the ancestral arrangement remains obscure. 


Right Arm Arrangements 
the right arm Chromosome eight rearrangements the standard 


and are single segment inversions the type 

Arrangement 26B1/2) the only right arm rearrangement 
the standard sequence which all common the population (8%). 
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very short basal inversion with break points 23A2/3 and 23C5/6. 
The relation between and not entirely clear. The left break 
coincident within one band with the right break Thus and may 
independent” break 23C6/7) tandem with strict break coin- 
cidence break 23C5/6) overlapping ‘‘in one band break 
23C4/5). Since the single chromosome found did not carry and the 
crossover segment between and best the equivalent single 
salivary gland chromosome band, may probably write 

Inversions (27D1/2+5; 30C4/5+5) and (27F4/5+1; 30E1/2) are 
interest that they are sufficiently similar that one may termed 
the other. Their distal breaks differ from one bands and 
their proximal breaks five bands. Since these inversions overlap 
the standard map, and must related through standard: 
The distal arrangements and are expected assort randomly with the 
proximal arrangements and since arrangements and 
were only found once this prediction could not put test. 

overlapping complex, related standard through two inversion 
steps. The four break points are bracketed follows: (Nu 
left); left); 28E4/5+1 (Nu right); right). 
more simply described The hypothetical inter- 
mediary was not found such. The proximal 
break lies within the proximal break segment distal break 
and the proximal break are close each other. The distal breaks 
and are nearly coincident (1-10 bands). Arrangement demon- 
strably not tandem that very short (three bands) third segment can 
identified. map. The proximal limit either identical 
with just included The crossover segment, any, small that 
may consider have arisen from independently both and 
thus: 


the third arrangement interpreted spurious multibreak 
inversion, with only three established breaks and two recognized segments 
28C1.(2).31A1, may reduced The break segments 
are 23C6/7; 28A5/6+9; 30D2/3+6. are three possible two-step 
hypotheses ((1) tandem, (2) independent, (3) right overlapping) corresponding 
three possible sites the undiscovered fourth break. Hypothesis 
limiting case hypothesis and therefore need not discussed separately. 

Headway the analysis may made searching for known components 
The right hand component resembles its break points 
(27F4/5+1; 30E1/2) and the right hand component (28A5/6+1; 
30C4/5+12) described later. However, cannot the right hand 
component because the central juxtaposition 23C7 and 30C1 
and the strongly suggested identification (1) 28B5--28A1. 
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the other hand, right could well component thereby 
narrowing the second break segment 28A5/6+1 (qua and the 
distal break segment 30D2/3+7 (qua F). The derivation through 
becomes mandatory for present purposes through the finding set out 
subsequent analysis that its entirety one two equally plausible 
precursors the complex arrangement Such derivation still 
leaves two possible positions the fourth break; one 28A5/6+1, the 
components are independent, the other 30C1/2 (narrowed central 
juxtaposition 23C7.30C1 they just overlap. The decision between 
these alternatives possible only further scrutiny bands segment (1). 
the hypothesis this segment contains most bands 
component beginning with 30C2 and leading either hypothesis 
there one pair near coincident breaks. Fig. two breaks have been 
plotted 28A5/6+1 since there are more known independent breaks near 
30D2/3 than near 23A5/6. 

complex and puzzling rearrangement. Five break segments have 
been resolved it, which the first four are bracketed quite closely: 
22E2/3 (1.2); 23C5/6+1 (3.4); (5.6); 28A5/6+1 (7.8); 30C4/ 
5+12 (9.10). The position and orientation the four rearranged segments 
may more simply described 

The simplest conventional hypothesis would invoke stepwise succession 
three two-break inversions. This implies sixth break one the 
five break segments listed above, the fifth segment (9.10) being the obvious 
contender because greater extent. However, can shown readily 
that conventional six-break rearrangement inadequate account for 
matter where the sixth break assumed located. Thus least 
eight breaks must postulated. 

may next reduce the number break points plotted for 
searching for known components. The only possible equivalent 8-9 
identical with it. the center may assume either that involved 
4-5), there being mimic inversion left, that left involved, 
course possible derive from standard without involving either 
but this implies much more extreme break coincidence. fortiori 
have thus two plausible hypotheses: 

(1) derived from two steps. One, inversion mimicking 
(breaks 22E2/3; 23C5/6+1), and the other mimic involving the 
break segments (23C5/6+1 and 26B2/3+1) but taking place not 
the same relation ‘‘ends and but rather within inverted 
left. 

(2) derived from through and right (combinable crossing 
over) two steps, one which again mimic and the other which 
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mimic left. The only difference the break plots hypotheses 
and would substitution 28A5/6+1 for the second case. 

The plot Fig. based hypothesis principally because the 
stipulated second step intermediary fact known. Substituting 
hypothesis leads less break coincidence the standard map. 

extreme case pseudomultiple break rearrangement. less 
than eight breaks are distributed over five break segments, four which are 
very short, and two steps least and perhaps many four are close mimics 
inversions known outside 

the most complex rearrangement found this study. inclusion 
the strongly suggested (Results II) identification element (5) (Table 
eight break segments are bracketed follows: 
(1.2); 26C4/5+16 (3.4); (5.6); (7.8); 28D4/5 
(9.10); 29A8/29B1 (11.12); (13.14); (15.16). 
Arrangement may then written simplified form 

The most conservative approach would attempt derive from through 
four successive two-break inversion steps. However, unless four inversion 
steps can found, each which establishes terminal associations persisting 
unresolved coincident breaks must have occurred one more 
the eight recognized break segments and the total number breaks must 
excess eight. Simple inspection shows that there possible first 
inversion which would establish terminal associations persisting 
thus differs from leas: five steps. 

The extent the identified segments such that the only known 
postulated arrangement which could conceivably part The most 
economic interpretation would, therefore, attempt derive from five 
steps, one which Since neither the terminal associations 
preserved, clear that both its break segments must separately 
involved second time later inversion steps. Thus, the breaks 
are determined being one each the last six break segments and two 
each the first two, one giving and one disrupting the terminal 
associations Accordingly, each the eight break segments 
plotted once the standard map Fig. already having been plotted) 
and derived through the phylogenetic scheme Fig. 55. 

The stepwise relationships right arm arrangements Chromosome 
are shown Fig. 55. The number hypothetical arrangements larger 
than the left arm and the phylogenetic interpretation more arbitrary, 
however, that occupies eminently central position being the head 
least six and possibly eight evolutionary lines, while other arrangement 
interrelates more than two steps the sequence. This suggests but does not 
prove antiquity Since there inversion which pericentric the 
extent overlapping known right and left arm arrangements, not possible 
combine the phylogenies Figs. and common scheme. 
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Fic. 55. Phylogenetic interrelations sequences observed the right arm Chromo- 


Discussion 


(A) The Distribution Break Points decorus 

basis for discussion require map showing the distribution 
inversion breaks. There are two ways which rearrangement breaks may 
plotted; their position may shown standard map regardless the 
position the chromosome which standard segment occupied the time 
breakage; the place which chromosome actually broke may 
indicated with respect ends and center. The two plots differ for all but 
independent inversions, for included and overlapping sequences, least 
one break the second inversion occurs standard segment already 
displaced the first. The two methods henceforth will referred 
(1) plotting standard and (2) plotting break position. 

Practical difficulties are encountered carrying out either kind plot. 
Plotting standard difficult represent tandems and near-tandems. 
Unresolved near-coincident breaks must plotted arbitrarily one 
their possible sites, which may far apart. addition, the mapped pattern 
breaks dependent the choice standard, and such general inferences 
proximal distal shifts successive rearrangement steps depend the 
antiquity the selected standard. contrast, plot invariant with 
respect the choice standard and indifferent alternative interpretations 
near-tandems. But, mapping impractical for even closely bracketed 
breaks arrangements such which are incompletely analyzed, and for 
complex rearrangements such where the sequence steps not under- 
stood detail. 

the extent that break clustering due overlapping and included 
sequences, implies repeated breaks short standard segment plot 
and repeated breaks certain distance from the centromere plot 
Plot fails show optimally polarity break distribution along the chromo- 
some; does not directly give any information the length segments 
inverted overlapping and included steps. the other hand, much 
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more revealing excessive break sensitivity certain standard segments. 
Decisive for our choice plot that allows interpretation all 
coincident breaks terms the break induction hypothesis first proposed 
Novitski (34). That not true for plot 

Accordingly, Fig. the known inversion breaks decorus have been 
plotted diagrammatically the standard map the four chromosomes. 
Each band has been arbitrarily assigned unit length. This results some 
distortion the maps since certain regions were more intensively studied 
than others and bands vary weight and spacing. facilitate orientation, 
the first band each the standard segments indicated beneath the 
maps the number the segment. Break points are shown the center 
their break segment; the arrangement which they occur and the number 
bands the break segment are indicated the label. clear that 
break distribution non-random three (probably related) respects: 

Chromosome there total four known rearrangements involving eight 
breaks, Chromosome III there one rearrangement with two breaks, 
Chromosome there are two rearrangements and six breaks, but 
Chromosome there are individual rearrangements (including but not 
involving least breaks. these, are plotted Fig. 56, three 
and two having been omitted inadequately localized. Discovery 
the larger number Chromosomes recorded systematically (746 against 
354 for each the others). fact, various independent samples, rear- 
rangements were specifically searched for Chromosomes III, and IV, 
but additional ones were found except Chromosome IV. 


Second.—Within Chromosome II, distribution breaks anomalous 
that clustered with relatively large segments free breaks. Thus, 
the left arm, the independent arrangements all have breaks within 
the eight band segment and very probably has break the 
same region. Similarly, and have has two breaks near 19B6/C1 
assuming that the breaks are near the center extensive break 
segment. Again, the independent right arm arrangements have 
total five breaks within the three band segment and has one 
break the same segment its immediate vicinity. There are breaks 
all standard segment which comprises bands and 
considerably better than one-quarter the total length the arm. There 
further clustering breaks about 27E3 and 30C4, but these clusters are 
rather more diffuse. impossible decide whether the non-random 
pattern extends the other chromosomes the complement because 
the small number breaks observed them. 


Third.—Much the total non-randomness breaks originates from the 
tendency break coincidence successive inversion steps. Tandem and 
near-tandem triads arise this way. Coincident breaks between sequences 
separated several intervening steps are much rarer. The possibility must, 
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course, considered that certain the tandem sequences interpreted 
having arisen two successive steps actually are multiple break rearrange- 
ments. This interpretation cannot apply first group four near-tandem 
triads where short third segment resolved the rearrangement and where 
the central sequences and are actually known. These triads are: 

with near coincident breaks 20C5/6+1(B); 20D5/6+1 
(E) separated least four bands. 

with near coincident breaks 18C1/2 and 
(P) separated least one band. 

with near coincident breaks 27D1/2+5 (T) and 27F4/ 
5+1 (Q) separated least five bands and with near coincident 
breaks 30C4/5+5 (T) and 30E1/2 (Q) separated least one band. 

with near coincident breaks 28E4/5+1 and 
28D6/7+2 (N) separated least three bands. 

For second group three strict tandems, the simultaneous multiple 
break interpretation ruled out because the intermediate arrangement 
occurs separately. This applies the triads: 

with coincident breaks 19B5/6+1(A), 19B5/6+1(H). 

with coincident breaks 23C5/6 (T). 

third class coincident breaks disqualified from multibreak inter- 
pretation for the arrangements involved are separated several known 
intermediate steps. This applies the common breaks arrangements 

There remain certain arrangements for which multiple break derivation 
cannot present excluded. This true for the sequences and 
where the hypothetical intermediary unknown and the fourth 
break unresolved. also applies the complex arrangements and 
with repeated breaks one more break segments and coincidence 
breaks and whole inversion steps with arrangements known outside and 
For these arrangements analysis has not been pushed far enough provide 
proof against multiple break origin, but the demonstration that there often 
marked break coincidence successive inversion steps and the existence 
plausible hypothesis account for encourage the notion that these 
exceptional cases will also susceptible interpretation. 
Yet other approaches which bear the diagnosis multiple break rearrange- 
ments are discussed the end the next section. 


(B) Non-random Distribution Breaks Other Chironomids and Drosophila 
wish determine next whether the non-random pattern inversion 
breaks peculiar decorus whether similar break clusters and spurious 
multibreak rearrangements occur other chironomids and species Droso- 
phila. 
The closely related species, pseudoobscura and persimilis Drosophila 
have been most extensively examined for inversions natural populations. 
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Twenty-one rearrangements the standard sequence Chromosome III 
were described Dobzhansky and Epling (20) and their break points 
identified quite closely. The other four chromosomes the complement 
the two species contained only total nine floating inversions. 
pointed out Dobzhansky and Epling, within the preferred Chromosome 
III, breaks are concentrated the distal (free) end when plotted standard. 
This also true when breaks are plotted according their distance from the 
centromere the time breakage, shown Novitski (34). 

From comparison the derivative inversions Klamath and Treeline 
with the inversions which produced these arrangements themselves, Novitski 
further claimed systematic relation between break points successive 
inversions the chromosome phylogeny. 

addition his two examples the six immediate derivatives standard 
also show non-randomness breaks: (1) Arrowhead (2) 
Hypothetical (76A/B-79D/80A); (3) Pike’s Peak (4) 
Klamath (5) Mendocino (6) Sequoia 
(74A/B-77A/B). these six inversions, five have breaks the four 
contiguous subsections 76ABC,77A. addition, three the inversions have 
their proximal break the short segment (four subsections). 

extend the demonstration that serially related arrangements show 
related breaks, have considered all possible triads, taking each inter- 
calary arrangement turn center. breaks within three subsections 
each other are considered related, triads have four independent breaks, 
triads show coincidence one pair breaks, and two triads show coin- 
cidence both sets breaks. Included are two tandem triads with 
unresolved third segment the rearrangement: 
and Hypothetical Santa Cruz Treeline. 

These comparisons appear show that there significant break coincidence 
between successive inversions 

The same true athabasca studied Novitski Here element 
(largely homologous with III pseudoobscura) has the lion’s share 
rearrangements with nine inversions and total breaks. The additional 
seven arrangements Novitski’s Table are merely recombinations 
independent inversions. Three the four complex rearrangements show 
break coincidence follows: (1) type 1.4-5.3-2.6, (2) type 
and (3) with two pairs near-coincident breaks total 
eight breaks distributed over six break segments. Because the manner 
which the data are presented difficult determine degree break 
coincidence independent derivatives standard. Furthermore the 
break plot Fig. 11A only breaks are shown, presumably because pairs 
coincident breaks are represented only once. 

Drosophila nebulosa (36) eight the nine known two-break inversions 
are concentrated the third chromosome—equivalent 25% the 
euchromatic length the polytene complement. Within Chromosome III 
the breaks are significantly concentrated the distal end and there some 
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evidence for break coincidence since certain break pairs distal prox.; 
prox.; distal prox.; distal prox.) are separated only 
1/30th the length the arm. granting the distal clustering, the 
evidence for break coincidence not strong. 

Ward’s (44) work melanica has been repeatedly quoted failing 
show clustering inversion breaks within the preferred second chromosome. 
From wild strains extracted inversions: three XR, one XL, 
(the longest element), two IVR, none III Certain these 
inversions are hypothetical; all are simple. indeed difficult base 
case for coincidence breaks melanica inspection the total break 
distribution plotted standard Chromosome II, although pairs and clusters 
breaks the distal half are suggestive. More compelling evidence for 
break coincidence obtained when inversions are compared which are 
phylogenetically related series. Thus (1) the base-line arrangement 
inverted once the independent sequence adh, which then suffered inversion 
with extreme break coincidence proximal and proximal identical, 
distal and proximal very close); (2) the base-line arrangement dgh 
suffered two including inversions, and which the break 
point the next derivative proximal near distal, distal near 
proximal); (3) the base-line arrangement degh the breaks 
proximal identical with distal, distal identical with proximal). 

Assuming that the proposed phylogeny correct, the inference break 
relation related arrangements seems inescapable. obscured the 
over-all map the large number breaks plotted. 

The information inversions Drosophila Willistoni (19) where they 
abound not suitable for this type analysis. 

the species Drosophila intensively studied only robusta (16) shows 
indications break coincidence. however, the total number 
inversions known relatively small. 

Turning next chironomids, relevant information only just becoming 
available. The extensive work Bauer (5), Beermann (5, 10, 11), 
and Acton (2) Chironomus tentans and pallidivittatus may exploited for 
our purposes. 

These two species are sympatric. They differ grossly rearrangements, 
all which are paracentric inversions, mostly overlapping and least 
number. Adding interspecific and intraspecific inversions Beermann’s 
paper (10) yields breaks; 1R, 10; 2L, 34; 2R, 3L, 14; 3R, and 
12. Chromosome would appear have significant concentration 
inversions (at least its left arm) just decorus. Possibly this indi- 
cates partial homology between the second chromosomes these related 
species. 

Within chromosomes again, breaks are not random but concentrated 
clusters. Break coincidence actually more striking than Beermann’s 
maps would suggest for one must postulate additional breaks narrow 
break segments certain complex rearrangements which have not been 
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completely analyzed. This applies the interspecific inversions and 
Chromosome and particularly the complex where the orienta- 
tion the five recognized rearranged segments implies the existence six 
further undiscovered breaks three narrow break segments. 

Even the maps stand there are distinctive clusters breaks. the 
breaks 1L, four occur three band segment 4C. additional 
break the same segment occurs the rare English inversion (Acton, 
personal communication). the short subterminal section 1AB 2L, 
eight known breaks are clustered and there are additional concentrations 
breaks 6C, 8A, and the list not exhaustive. 

Finally, tandems and near-tandems are common. Most striking the 
complex type shown Fig. (10) with 
two pairs strictly coincident breaks. The separate occurrence 
disposes the multiple break interpretation. Similarly pallidi- 
vittatus and are strict tandems type Again, 
occurs separately tentans. another rare tandem 
Beermann’s was found Acton (personal communication) with 
breaks and 11A. the overlapping inversion has breaks 
separated only six bands, the immediate derivative has again break 
the same region. the triple overlapping inversion 
has two coincident breaks successive steps the 
overlapping interspecific inversion has two breaks separated only heavy 
double band. Chromosome the right hand limits the interspecific 
rearrangement and are strictly coincident. The two arrangements 
occur separately. the inversions and are similar both 
break points that one sequence might termed mimic the other. The 
same true for Acton’s inversion and Beermann and 
lesser extent for the inversions and 

the clustering breaks and the high frequency tandems the pattern 
chromosomal evolution decorus and tentans/pallidivittatus much 
alike that the need for general explanation apparent. 

Hsu and Liu (24), working with several small populations unidentified 
Chinese chironomid, described total five paracentric inversions the 
typical four chromosome complement. Four these were subterminal 
single step inversions Ir, and remaining inversion 
special interest. According Hsu and Liu genuine tandem in- 
version with four breaks and rearrangement segments give sequence 
type Homozygotes were not distinguished but heter- 
ozygotes were all one type: The resemblance 
the complex IL-2, tentans immediately striking and suggests that 
the Chinese sequence too compounded three simple inversions with two 
pairs coincident breaks. 

Various populations Chironomus dorsalis were studied Philip (37), 
Bauer (4), Mainx al. (30), and Acton (1). Five different two-break in- 
versions were described Mainx al. Further inversions were found 


k 
i 


ROTHFELS AND FAIRLIE: INVERSION BREAKS 253 


Acton (personal communication) and also encountered 
single heterozygous interchange involving the same two arms. interest 
are two nearly identical inversions illustrated shifts Bauer (4), 
Mainx (30), and Acton Two breaks were not differentiated and the 
other two are approximately nine bands apart. new inversion 
strict tandem the larger inversion mapped Mainx. addition, 
one interchange break related inversion break. 

The dorsalis pattern repeated Glyptotendipes barbipes studied 
Bauer (4) Germany and Rao our laboratory. the nucleolar 
arm the longest chromosome (I) common included complex found both 
Europe and North America. The proximal breaks are ca. bands apart, 
the distal breaks differ only four bands. North America, very similar 
shift occurs the non-nucleolar arm the third chromosome. results from 
inversion and subsequent near-coincident reinversion almost the entire 
arm. The distal breaks differ two bands, the proximal breaks seven 
bands. Further, simple inversion Bauer’s material has one break the 
same proximal break segment. Its second break and the breaks simple 
North American inversion the non-nucleolar arm are unrelated. 


Summing up, there present evidence for localization breaks and 
for spurious multibreak rearrangements several species Drosophila and 
all species chironomids for which adequate data exist. Extensive 
unpublished findings show that these are also normal for black 
flies. 

There remains discussed the possibility that certain tandem inversions 
actually are multiple break rearrangements claimed Hsu and Liu (24). 

Exempt from this suspicion are all with resolved fourth 
break and short third segment the rearrangement. This applies all but 
two triads pseudoobscura/persimilis; applies four triads cited the 
analysis decorus; applies all but three triads tentans/pallidivit- 
tatus and the shifts barbipes. 

the strict tandem arrangements the majority are disqualified simul- 
taneous multibreak rearrangements because the intermediate arrangement 
occurs separately. This applies the two tandem triads pseudoobscura/ 
persimilis, applies three cited triads decorus and the shift 
dorsalis. tentans/pallidivittatus applies Acton’s rare 
tandem and part the triple complex 

The remaining tandems may studied for the orientation rearranged 
segments. the simplest case three simultaneous breaks the standard 
sequence excluding partial and complete restitution, may 
yield four different derivatives: (1) (2) 1.4-5.2-3.6; (3) 1.5- 
4.2-3.6; (4) 1.4-5.3-2.6. Three these may two successive 
inversion steps with one pair coincident breaks but the fourth (2), which 
has the rearranged sections standard orientation but exchanged position, 
cannot faked except step. There reason assume that 
with three simultaneous breaks this type any less probable than the other 
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three. Failure find this type sufficiently large number tandems 
analyzed therefore evidence against the occurrence three-break rearrange- 
ments. 

Applying this procedure the available data have- the sequence 
3.6, and Hsu and Liu and tentans are None 
these tandems are the critical type, nor are any that have analyzed 
black flies (unpublished). far the data go, therefore, they support 
the notion that all arrangements result from the compounding two-break 
steps. 

This argument course essentially statistical and does not disprove the 
multibreak origin individual rearrangements. When break-bracketing 
carried far technically possible, extrapolation will determine whether 
the residue tandems can brought quantitatively into accord with the 
relative frequency near-tandems universal stepwise two-break hypo- 
thesis, whether some all the tandems have relegated class 
apart—the genuine multiple break rearrangements. our present convic- 
tion that this will prove unnecessary. 

The demonstrated tendency toward break coincidence does not abolish 
the usefulness phylogenetic speculation the theorem ‘‘uniqueness 
merely means that the independent appearance evolu- 
tion similar mimic inversions rather more probable than had hitherto 
been assumed and that the must ascertained rather more 
exact identification breaks. 


(C) Possible Causes Non-randomness Inversion Breaks 

How one account for the demonstrated break localization? Since 
one dealing with surviving breaks only, the causes may lie either initial 
non-random breakage selective survival breaks certain regions, 
both. 

Non-random breakage might due to: (1) the presence the complement 
weakspots’’; (2) the explicit genetic control breakage 
mutator genes localized action; (3) the induction break copies 
heterozygous rearrangements stress pairing favoring reunion. 

the other hand selection may operate through: (1) position effects 
largely independent the allelic content the rearrangement; (2) effects 
fertility crossing over relatively rearranged segments; (3) adjustment 
various inversions the population produce the highest degree 
(43). 

Undoubtedly the factors determining the over-all pattern rearrangements 
are many and interact complex ways. Nonetheless, the conviction 
growing that specifically the frequency near-tandems and the clustering 
paracentric inversion breaks might best accounted for generalized 
form Novitski’s hypothesis. 
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Dealing first with non-random breakage one might postulate that breaks 
recur few ‘‘congenital weak spots” analogous the ‘‘weak 
‘‘dissociation loci’’, etc. familiar polytene chromosome 
workers. However, whereas the weak spots with which the writers are 
familiar black flies are exact and limited single interband regions, break 
clusters decorus are not strictly circumscribed. Furthermore, 
difficult find rationale for the implied non-random distribution weak 
spots find one for the non-random distribution inversion breaks 
themselves. Also, breaks induced ionizing radiation Drosophila not 
show any clear relation the spontaneous clusters, whereas might 
expected that structural weakness would predispose radiation breakage. 

Explicit genic control mutations and chromosome breaks has been dis- 
cussed recently Ives (25) and Hinton al. (23) their analysis the 
effects the mutator gene melanogaster. Among the effects 
are increase the general mutation rate times normal and 
the production chromosomal rearrangements with measurable frequency. 
Seventeen rearrangements the chromosome were detected genetic 
methods and these were subsequently examined cytologically Hinton 
al. Twelve proved simple two-break inversions, while the 13th was 
interpreted three-break transposition. 

However, would appear that, the X-chromosomes exposed 
those were selected for cytological study which produced lethal visible 
effect CIB type cross. The majority these effects are probably 
position effects. Since position effects are known pronounced and 
when heterochromatin shifted, seems certain that rearrange- 
ments were indirectly selected for breaks heterochromatin. Thus, proof 
specific effect mutators heterochromatin still lacking. 

Even assuming that there are mutators which break heterochromatin, 
there decorus evidence for concentration breaks near 
heterochromatin. total breaks analyzed, only three four (IIT, 
D?, IVAu, fall near region suspected containing heterochromatin. 
The difficulty detecting minute and possibly submicroscopic sections 
heterochromatin must course granted. 

may argued that our discussion localized breakage has been too 
narrow and naive and that break clustering decorus may the kind 
demonstrated Ford, Revell, Loveless (28) and McLeish (29) for the action 
chemical mutagens root-tip chromosomes Vicia faba. 
has been established decisively that chemical breaks are not random but 
are clustered certain chromosome segments appreciable length and high 
sensitivity. These segments are heterochromatic judged allocycly and 
acid is, course, possible that breakage decorus 
chromosomes nor are the regions high sensitivity distinguished any 
other conspicuous common cytological denominator. 
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Turning next selection effects, seems improbable that position effects 
such are responsible for the anomalous distribution breaks. Extensive 
segments would have closely integrated gene action that all breaks 
within them produce deleterious position effects, while genes other regions 
would independent action that rearrangements are tolerated involving 
many different break sites. fact, non-random distribution breaks 
would have rewritten terms similar non-random distribution 
segments free position effect. Attempts provide detailed models lead 
extremely artificial constructions. However, some general features 
position effects undoubtedly are responsible for some general characteristics 
break distribution. particular, the scarcity inversion breaks the 
chromocenter Drosophila probably due the radical position effects 
which accompany reshuffling. 


Discounting position effects and sophisticated schemes based maximum 
coadaptation, selection may expected operate through ill effects ensuing 
from meiotic crossing over relatively rearranged segments. These effects 
are anaphase bridges for paracentric segments with reverse orientation 
and duplication-deficiencies for shifted segments 
identical orientation (orthosegments) and for all pericentric inversions. 
Drosophila there crossing over the male and most bridges are excreted 
the female where chiasmata are essentially random structural homozy- 
gotes. Assuming random breaks and reunions and absence selection, 
interchanges should the commonest type rearrangement and pericentrics 
should common paracentrics V-chromosomes. The strongest 
evidence for the efficacy selection comes from the almost complete absence 
interchanges. This readily accounted for the familiar 
heterozygotes. The scarcity pericentric inversions more difficult 
understand. usually attributed the formation non-excretable 
aneuploid complements following crossing over heterozygotes. However, 
well known (43) that, various species Drosophila, paracentric arrange- 
ments coexist which share substantial orthosegments. The same true for 
the chironomid species decorus, tentans, pallidivittatus, dorsalis, and notably 
barbipes. How one reconcile the scarcity pericentric inversions with 
the frequent occurrence paracentric crossing over both results 
aneuploid gametes? One possibility that although breakage random, 
reunion not and disfavors transcentric rejoins. second possibility 
that although chiasmata are random structural homozygotes, crossovers 
are much more likely occur heterozygous pericentric inversions than 
paracentric orthosegments like length. Perhaps, pairing initiation and 
chiasma progression are polarized that centric regions will always pair 
even complex heterozygous rearrangements. addition, pericentric 
aneuploid-forming segments may well single and simple but paracentric 
orthosegments must always adjoined bridge-forming segments and 
these may exercise protective effect pairing and crossing over. spite 
this postulated relative protection against chiasmata, orthosegments are 
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substantial they will occasionally undergo crossing over and inviable eggs 
will result. Selection Drosophila therefore expected minimize 
wild populations the occurrence overlapping included inversion segments 
appreciable extent. possible exception this rule are reinversions which 
are nearly exact that crossing over gives viable deficiency duplications. 
single critical case was described Acton (2) tentans. inversions 
are frequent, this selective effect against medium-sized overlaps should 
result break clustering; one might, however, expect that the entire comple- 
ment would saturated with independent inversions before excessive 
concentrations included overlapping sequences are tolerated one 
chromosome. 

Turning next Diptera with chiasmatic male meiosis (Tendipedidae, 
Simuliidae) are badly hampered our ignorance the relative significance 
meiotic irregularities the two sexes. was predicted that inversions 
would scarce these groups since crossing over males would discriminate 
against their establishment. This prediction was wrong; inversions are 
common many species midges and black flies. Apparently selection 
against inversions males less severe than had been thought. One reason 
doubtlessly that even where chiasmata are random structural homozy- 
gotes, heterozygous inversion loops are largely exempt from crossing over 
(15, 21). Furthermore, the aneuploid sperm which results from occasional 
bridge anaphases may not viable may not compete successfully 
fertilization give handicapped lethal zygotes. This possibility 
supported the finding Wolf (47) Dicranomyia and Beermann (9) 
Chironomus that bridges are not broken but yield non-functional double 
sperms. considerable reduction number sperm may tolerated 
before eggs are left unfertilized. any case, since the male crossovers 
ortho- and anortho-segments are equally detrimental, overlapping and 
included inversions are not discriminated against and differential crossover 
effects cannot responsible for break clustering. crossover-selection 
mechanism operative all, must based selection against aneuploidy 
producing combinations the female, where presumably bridges are relegated 
polar bodies. Such hypothesis carries more conviction chironomids 
and simuliids than Drosophila. 

Undoubtedly selection effective suppressing certain types rearrange- 
ments. our discussion far have disregarded the fact that some 
inversions are very common while others, and notably many Chromosome II, 
are rare that they were only discovered once. fact, spite the 
preponderance breaks Chromosome II, reasonable assumptions 
more bridges are expected occur Chromosome and nearly many 
Chromosome IV, which will also have the bulk aneuploid crossovers. The 
relative scarcity certain inversions might indicate recent origin spread 
but more likely due counterselection sorts. can, however, 
hardly argued that the complete relative absence inversions some 
chromosome arms, contrasted with their great diversity and complexity 
others, essentially the result selection against aneuploid combinations. 
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The preceding discussion predicated assumed randomness chiasmata 
structural homozygotes. For organisms with strict and identical chiasma 
localization both sexes alternative selection mechanism has been pro- 
posed (45) which would tolerate inversions only they happen fall into 
chiasma-exempt regions. Such hypothesis would account 
for break clustering the peripheral parts the chiasma-free segments. 
There are, however, several cogent lines evidence which discourage this 
notion very strongly, certainly applied midges and black flies and 
probably general. 

(1) several species chironomids one individual another, inversions 
may occupy almost any position certain chromosomes that maps are 
covered with inversions practically end-to-end. This true for Chromo- 
somes III, and and pallidivitattus, strikingly true for 
Chromosome decorus. this species unpublished studies sper- 
matocytes show that chiasma localization least not extreme. 

reassortment independent and included inversions has demon- 
strably involved the formation chiasmata standard segments which 
other times have undergone one more inversions and should, therefore, 
exempt from crossing over. 

(3) More generally, since reduction recombination thought the 
means which inversions become established, surely inconsistent 
remove this raison d’étre postulating that they survive only segments 
where crossing over nil anyhow. 

White (46), impressed the extreme chiasma localization male grass- 
hoppers the genus Bryodema, has recently proposed refined version the 
preadaptation hypothesis. visualizes situation where chiasma locali- 
zation restricted the male, and invcrsions are tolerated when outside 
crossover forming regions. Thus, there reduction Chiasmata 
are random and recombination unrestricted females but bridges are 
excreted inversion heterozygotes. Thus, genetic isolation relatively 
inverted segments complete, reduction gametes bridges nil, and 
heterotic adaptation becomes possible the expense some reduction 
the recombination index males. 

This postulated ingenious certainly theoretical possibility, 
but, far, nobody has shown that, grasshoppers with localized chiasmata 
the male, chiasmata are random the female, nor even that chromosome 
regions protected from crossing over the male fact contain inversions. 
Furthermore, all provisional studies (Philip (37) dorsalis; Wolf (47) plumosus; 
unpublished work decorus) indicate that chiasma localization male 
midges not emphatic, that even the hypothesis should apply certain 
grasshoppers its essential prerequisite lacking those flies. 

Finally, alternative explanations exist for the maintenance coadapted 
inversions Diptera with normal male meiosis, namely protection from 
crossing over not through preadaptation but consequence interference 
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with pairing the inversion itself. Such aneuploid sperm formed 
presumably faces the prospect competitive elimination. For interference 
inversions with crossing over there positive experimental evidence (15, 
21) and for elimination deficient sperm there least suggestive evidence 
one crane fly (47) and one midge (9). 

Summing up, not feel that there strong evidence that selective 
effects produce break clustering either channelling inversions into pre- 
destined grooves via chiasma localization minimize 
aneuploid combinations. are thus left explore the possibilities inherent 
Novitski’s hypothesis. 

Novitski (34), working with athabasca and extending his analysis 
pseudoobscura/persimilis, has proposed simple mechanical hypothesis 
account for the non-random distribution breaks chromo- 
somes those species. 

From comparison the breaks various derivative inversions Treeline 
and Klamath with those which yielded these sequences themselves, inferred 
general distal shift derivative inversions relative ancestral ones. 


His hypothesis stipulates that new inversions arise meiotic prophase 
individuals heterozygous for simple inversions. the typical reversed loop 
the unpaired regions near heterozygous breaks are brought into apposition. 
New inversions involving these regions may arise either because proximity 
favors reunion between breaks occurring spontaneously these regions 
because mechanical tension near pairing discontinuities actually induces 
breaks. Depending upon which chromosome broken the result will 
either mimic extensive reinversion (included overlapping) the 
inversion. The tendency for distal shift the derivative inversion 
accounted for assuming that pairing more complete proximally than 
distally that progressive from the centromere out. 

While subscribing the basic principle this hypothesis, feel that 
unnecessarily specific some respects: 

The postulate that two breaks are induced one inversion loop, their 
reunion favored, possible but not necessary feature the hypothesis. 
entirely conceivable that single break may resolve mechanical strain 
and that this break compounded into inversion with second break 
occurring and randomly determined separate change 
pairing homology. 

should pointed out explicitly that what actually being copied 
each case break pair, for the pairing discontinuity the result two 
breaks and reversal the chromosome segment between. Just which 
parental break appears copied largely matter chance and for 
given unpaired strand depends upon whether the break occurs just inside 
just outside the limits the original inversion. the break exactly 
coincident, may equally well plotted either the parental breaks 
and the derived inversion strict tandem the original. 
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If, indeed, single breaks induced reversed loops participate re- 
arrangements, they provide explanation for the common occurrence 
tandems and near-tandems, with one pair coincident breaks and wide 
separation the other two. the same time, see how derivative 
inversions may determined separate breaks two independent 
heterozygous loops stipulated for melanica two separate pairing 
exchanges complex configurations. 

not share diffidence extend the hypothesis complex 
rearrangements for even pairing were relatively incomplete changes 
pairing homologies would still cause stress some bivalents and new breaks 
might still formed near old. 

this basis break induction possible principle between any two 
sequences occurring thé same populations. The present work with 
decorus and the studies tentans/pallidivittatus and Willistoni indicate 
that the number such sequences may large. the same time, 
reasonable suppose that closely related arrangements are more likely 
coexist time and space and have better opportunity for interaction 
well greater likelihood giving balanced derivatives. This would 
account for the observation pseudoobscura and decorus that much the 
total non-randomness due break coincidence adjacent arrangements 
the phylogeny. 

Already implied above our conviction that the distal shift derived 
sequences not essential feature the hypothesis. Novitski’s evidence 
bears re-examination this respect. Among the four derivatives Treeline, 
discussed Novitski, Olympic includes the ancestral Santa Cruz Treeline 
inversion and Estes Park, somewhat misrepresented, overlaps only 
single band. the phylad Klamath, which discusses next, Sequoia 
(later renamed Mendocino (20)) included mistakenly. not derived 
from Klamath but directly from Standard. the other hand Whitney, 
which derived from Klamath, missing Novitski’s diagram. shows 
strong proximal shift. There justification for excluding from the 
argument arrangements such Arrowhead and Hypothetical which have 
given rise only one surviving direct derivative. Both the triads 
proximal shifts. 

When all inversions the Dobzhansky and Epling phylogeny are compared 
with their progenitors, breaks conform Novitski’s postulate for distal 
shift, show proximal shift, and two show significant shift. 

Even this considered adequate proof for distal shift pseudoobscura 
and ascribed some kind polarity pairing, such polarity may 
absent other species. 

Accordingly, not surprising that there good evidence for distal 
clustering the preferred chromosomes melanica, tentans/pallidivittatus, 
and decorus which yet have non-random break patterns. 

our opinion, the most important single cause the observed 
break clustering decorus the survival significant number breaks 
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which back preferred breakage and reunion unpaired strands 
structural heterozygotes. both breaks simple inversion are copied 
the derivative sequence will mimic large scale reinversion the 
original. only one break copied and the other occurs spontaneously 
separate pairing exchange near-tandem derivative will result. Con- 
centration breaks particular chromosomes not mandatory, but the 
geometric progression effect inherent the postulated mechanism conducive 
it. 


Summary 


The cytology the midge Tendipes decorus was studied population 
from the Don River Toronto. The mitotic complement the common 
Chironomus-type with three long metacentric chromosomes and 
short acrocentric chromosome (IV) which carries the single large nucleolus 
and Ring Balbiani. 

The salivary gland chromosomes show extreme polymorphism. Three 
hundred and seventy-three larvae were analyzed for arrangements the 
second chromosome and 177 larvae were also scored for the remaining three 
chromosomes the complement. The number arrangements different 
from standard was four Chromosome (eight breaks), Chromosome 
(54 breaks), one Chromosome III (two breaks), and two Chromosome 
(six breaks). Except for two small abnormalities that were not analyzed, 
all rearrangements could interpreted paracentric inversions, simple 
compounded. 

Samples drawn from three different larval generations and from two different 
locations the Don were homogeneous, the common inversions IA, 
IIA, IIIA; IVA obeyed the Hardy-Weinberg law and inversions assorted 
randomly between and within chromosomes. Apparently sequence 
exclusive the male sex. 

The distribution inversion breaks non-random. Fifty-four total 
inferred breaks fall into Chromosome II. Within Chromosome 
breaks are again grouped several clusters while long segments are conspicu- 
ously free breaks. Much the total non-randomness due strong 
tendency break coincidence successive inversion steps. this way 
interpret the origin tandems and near-tandems like For 
most these complexes simultaneous multibreak interpretation excluded 
either because breaks are not strictly coincident because intermediate 
arrangements occur separately. 

The pertinent literature reviewed and shown that the 
break distribution observed decorus also the rule various Drosophila 
species and all chironomids that have been adequately studied. 

The causes the break clustering are discussed. High breakability 
certain chromosome regions not excluded but interpretation terms 
generalized Novitski hypothesis preferred: that structural hybridity 
such, through stress pairing and favoring reunion, frequently leads 
tandem derivatives antecedent inversions. 
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STRUCTURE THE TESTIS FOLLICLE RELATION 
EVOLUTION THE SCARABAEIDAE (COLEOPTERA)! 


Abstract 


the coleopterous family Scarabaeidae the external morphology the testis 
follicle varies much between different species. Three form groups can 
distinguished. one group, containing representatives the systematically 
low coprophagous scarabs, differences are chiefly the length the follicle. 
another group, typical representatives which are the aphodines, the 
follicles are always spherical, but the size varies between different species. 
the third, the follicles differ also relative breadth. The third group contains 
higher phytophagous scarabs. The author suggests that the follicles group 
are the most primitive, those group the most advanced the Scarabaeidae. 
tendency shorten, round out, and, finally, broaden the follicle 
characterize the process differentiation the higher scarabaeoids from the 
primitive ones. This differentiation accompanied development certain 
histological features the follicles. coprophagous scarabs the follicles are 
non-septate, the oxygen supply deriving directly from the central network 
tracheoles. phytophagous scarabs, oxygen and certain other nourishing 
stuffs are conducted the septum system, which develops invagination 
the surface membrane the follicle. 


Introduction 


contrast the uniform structure the ovary most insect orders, the 
testis structure can vary widely within much smaller groups. certain 
lower insects, such the Odonata (Oksala*), the form single testis follicle 
does not differ much from that ovariole, the tissue that produces sperm 
being situated the wall slender tubiform testis. most known cases, 
however, the testis solid and often multifollicular, and the follicles are short 
and blunt. Their usual arrangement clusters resembles the arrangement 
the ovarioles, with which they are homologous (9). 


Although the anatomy and morphology the genitalia beetles have 
long been the subject investigation (see and 7), very little known 
yet about the inner structure the follicle. Bordas (1) has briefly described 
also the follicle histology numerous coleopterous families, 
observations laparosticts, least, are insufficient, even wrong. 

Being possession considerable quantity sectioned material 
scarabaeid testes, made earlier for cytological purposes, have had 
opportunity investigating the internal follicle structure this large family. 
The nature the material precluded observation the external morphology 
the genitalia: the number follicles, the kinds ducts and accessory 
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glands, and other structures. hoped, however, that the main 
features the follicles given here, together with the known cytological 
facts, will prove help investigators dealing with the systematics 


the Scarabaeidae. 
The origin the material, well the methods preparation, has 


already been described (14 and 16). 


Observations 
NONSEPTATE FOLLICLES: EXCEPT GEOTRUPINAE 


Onthophagus, Caccobius, Sisyphus, and Copris 

Onthophagus species, well other scarabaeids, the follicles are 
radially symmetrical with regard the anteroposterior axis. Sections made 
along this axis best show the arrangement the follicle tissues all 
scarabaeids. 

longitudinal section, the follicle Onthophagus ovoid, tapering usually 
more towards the apex than towards the basal end (Fig. The apical 
anterior end the vas efferens, within the follicle, first long, slender tube 
running the length the follicle, but widens during the course spermato- 
genesis, owing the accumulating nurse cells the sperm bundles. 
accompanied large, main trachea, which divides into numerous branches 
the surrounding epithelial tissue (Fig. The ripening sperm bundles 
are chiefly situated around the vas efferens, the peripheral and especially the 
apical parts the follicle containing earlier stages spermatogenesis. Even 
old follicles the apical portion often still contains spermatogonia. deep 
furrow frequently separates this portion from the remainder the follicle. 
Similar, but low, furrows the cuticula-like inner follicle membrane can 
found also other parts the follicle, but true septa are not formed. 

Areas somatic tissue are present between the germarium and the vas 
efferens and also around the latter, but otherwise the Onthophagus follicles 
seem lack inner somatic tissues. 

Two species material, Caccobius schreberi and Sisyphus L., 
are close the genus Onthophagus. The follicle the former species differs 
from that the Onthophagus type only that seems always relatively 
shorter. the latter species, however, the follicle considerably richer 
somatic interstitial tissue, thus resembling more specis 
the only scarabaeid preparations having the adult follicles compressed 
together and surrounded common membrane. both species, compared 
with Onthophagus, the apical portion more rounded, perhaps owing the 
germarium having withdrawn deeper into the follicle. 

Only young adults Copris lunaris have been available for study.. 
longitudinal section the follicle (Fig. its main form closely resembles 
the follicle Onthophagus. The main trachea very strong. There are 
some features the follicle structure that bring this species closer the 
geotrupines. First, between the germarium and the vas efferens, there 
degenerating somatic tissue, and secondly, the spermatocysts are embedded 
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Fics. Laparostictean follicles. Schematical pictures based camera lucida 
drawings. longitudinal sections showing the proximal end the vas 
efferens side view. transverse section anterior the vas efferens—G, sperma- 
togonia; meiotic stages; dotted areas, somatic epithelial tissue. 

Fic. lunaris: Note the long, tubiform vas efferens containing small 
degenerating nurse cells, and the strong main trachea. arenaria: 
Large nurse cells; ball formation the sperm bundles. laticollis: 
Strong main trachea close the curled vas efferens; short sperm bundles. 
Geotrupes stercorosus: Young follicle with the vas efferens still narrow. Note the apical 
shortening the tube. Fic. Geotrupes mutator: Septa intruding into the germarium. 
Only the youngest spermatocysts (spherules), close the germarium, have been drawn. 
Fic. mutator: Old, posthibernation follicle. Fics. and 50X; others 
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rich somatic tissue that extends from the core the follicle the surface 
(Fig. The very central somatic tissue, surrounding the vas efferens and 
provided with unusually dense network tracheoles, may correspond 
the epithelial ground tissue the and Onthophagus follicles, but the 
remainder, surrounding the spermatocysts, seems merely invaginated 
from the surface the follicle. Thus presumably corresponds the septa 
the higher scarabaeids. 

The characteristics the follicle Trox perrisi Fairm. (Trogidae) are 
similar these laparostict scarabaeids, especially Copris. 


Aphodius and Aegialia 

The follicles the aphodines, although always spherical, vary much size 
different species (Fig. germarium, again the end opposite 
the vas efferens, usually persists throughout spermatogenesis. have found 
Finland, September, individuals ready hibernate whose follicles contain 
only the earliest phases meiosis and the germarium. the other hand, 
individuals devoid gonial cells can found the summer: perhaps they 
are old hibernated individuals. The area lined towards the base 
thin structureless membrane. 

The apical part the vas efferens oval capsule filled, older follicles, 
degenerating nurse cells. The metabolism the Aphodius testes seems 
extraordinary, the spermatocytes growing unusual size and their 
excess cytoplasm being effectively re-used for nutrition (14, 16, and 17). 

There exists beetles curious method recovering the material the 
nurse cells for re-use the metabolism the follicle. Usually the wall cells 
the sperm duct act digestive cells, but aphodines, the beginning the 
vas efferens functions that digests the cells. The decay 
the nurse cells begins very rapidly after they penetrate the vas efferens 
capsule. The forms into drops which are digested the elongate 
cells the basal part the capsule. The outer layer the capsule wall 
often stains black with haematoxylin, presumably because contains matter 
that has been transformed for re-use follicle metabolism. 

The basal part the vas efferens capsule provided with tracheoles, which, 
however, are not pronounced Onthophagus. There light-staining 
epithelial tissue between the vas efferens capsule and the apical end the 
follicle. cells are varying degrees polyploid. Epithelial cells the 
same kind, formerly called (15), are scattered widely 
between the spermatocysts. 

The follicle structure the dune-living aphodine arenaria 
very similar that Aphodius (Fig. Even the curious ball-formation 
the sperm bundle, lacking the coprinean genera, occurs 
well Aphodius. effective nurse-cell digestion, however, occurs the 
vas efferens capsule Aegialia. 

Contrary Bordas’ (1) descriptions, septum formation has been found 
these any other the above-mentioned genera. 
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Scarabaeus laticollis 

The individuals this coprinean species, fixed Nice (Nizza) 
April, 1950, have only ripe sperm bundles and residual spermatogonia their 
testes. The follicle spherical, and apart from being much larger and having 
strong main trachea, Onthophagus, resembles its shape the phodius 
follicles (Figs. and 26). The most remarkable structural differences occur 
the anterior end the vas efferens. starts wide funnel, but soon 
tapers and makes several spirals before passing out the follicle. The sperm 
bundles push into the vas efferens over the edges the funnel. the same 
time the nurse cells are discarded. They form sticky mass flowing slowly 
outwards down the middle the vas efferens. The cells are very enduring 
and not degenerate inside the follicle, they Aphodius. Their size 
between those the corresponding cells other coprines and aphodines. 


FOLLICLES: PLEUROSTICTS AND GEOTRUPINAE 


these groups the main features the follicle are quite similar, 
described Shaffer (12) for Phyllophaga (Lachnosterna), Cotalpa, and 
Pelidnota, and, more Wieman (18 and 19) for chrysomelid, 
Leptinotarsa signaticollis Stal. The observations the latter author concern- 
ing the ontogenetic development the follicle are especially worthy note. 
According him, the follicle anlage Leptinotarsa pear-shaped body. 
Later becomes compressed longitudinally, and the apical epithelial tissue 
invaginates into the center the follicle, against the funnel the vas efferens, 
where begins degenerate. the same time, numerous radial 
invaginations the surface membrane, the septa, divide the follicle into 
locules. The pattern the follicle thereafter remains radially symmetrical. 

Testis sections made from cetonine, Potosia cuprea F., show the follicle 
structure very clearly. the following paragraphs they will described 
detail and briefly those the other species. 

The shortening the follicle, already recognizable Scarabaeus and the 
aphodines, has changed the follicle shape large extent. Its 
breadth much greater than its length. Having preserved its radial symmetry, 
now resembles mushroom, because the vas efferens seems sunken 
deeply into (Fig. 10; see also Fig. 27). The mushroom shape due, 
presumably, the synchronous growth numerous spermatocytes, which 
for the most part cause swelling the follicle basally and the direction 
the radius. Also, the degeneration the epithelial tissue around the vas 
efferens and the elimination spermatocytes during spermatogenesis may 
involved the development the mushroom form. This possibility 
supported the observation that the outer follicle membrane usually does 
not line the basal depression the mushroom-like follicle. Follicle shortening 
may, however, some extent caused also tissue rearrangements similar 
those described Wieman, widening shrinkage the apical part 
the vas efferens during ontogeny. The latter explanation the whole 
degenerative tissue seems applicable Melolontha (Fig. 18). 
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sections. transverse section posterior the vas efferens funnel. 11: 
enlargement the basal septum fold (B) Fic. 10—A, apical invagination; and 

Fic. Hoplia coerulea: Old, almost empty follicle. Fic. Serica brunnea: 
Fic. Blitopertha campestris: Last meiotic stages. cuprea: 
Both septa the right and left are uncut and show the fan-like arrangement strands. 
Note also the apical depression (A), the basal folds both septa restricting the gonial 
area, and the tracheae around the vas efferens. The right basal fold Fic. 
(B) highly magnified, showing trachea descending from the surface and supplying two 
special cells. P.cuprea: Septa transverse section. Fics. and 12, 
Fic. 11, 700X; others, 
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longitudinal sections Potosia, the same general structure can also 
recognized the earlier species. The inner part the vas efferens, already 
present funnel Scarabaeus, similar but more flattened Potosia, 
where forms very wide funnel merely saucer-like depression. 
young testes, the funnel roof, representing the apical portion the 
the former species, still present. The widening the vas 
efferens has, however, caused stretch considerably. Spermatozoa perforat- 
ing the roof cause rupture, and later, often disappears completely. 


the apical direction, immediately anterior the funnel roof, the 
flattened, lens-like tissue degenerated cells already noted Copris, and 
adjoining them, the disk spermatogonia. the borders the disk, final 
gonial mitoses and early spermatocytes occur. Mature sperm first form 
the central parts the follicle, around the funnel the vas efferens, while 
the peripheral parts contain early meiotic stages long after the center has been 
filled sperm bundles. Maturation proceeds more rapidly towards the base 


the follicle. 

Potosia, septum formation always occurs developing, these 
long, thin folds pierce the follicle body radially meet the edge the 
funnel, where their bases, pushed against the vas efferens, spread and often join 
with those the neighboring septa (Fig. 15). Although the folds not invade 
the germarium, deep, irregular furrows from bases often extend into 
(Figs. 10, and 11). The septa stretch luw folds over the germarium. 


detailed study reveals the apparent significance these formations: they 
presumably facilitate the nutrition the follicle. supposed connection 
with the black-staining substances the outer layers the vas 
efferens Potosia might due digested nutritive matter derived from 
degenerating nurse cells. The somewhat lamellate layer the vas efferens 
containing extends far back along the vas efferens outside the follicle. 
presumably comes from the resorbing parts the duct, and especially 
concentrated the border regions the funnel, where comes contact 
with the bases the septa. abundantly conducted every septum 
fan peculiar strands, which radiate from the funnel edge and are located 
the double wall the septum (Figs. 10, 13, 14, and 16). The structure 
the cords not continuous but partitioned, resembling muscle fibers higher 
magnification. they really are muscle fibers, their function presumably 
force out the mature sperm contracting the follicle. 


The septum system also concerned with the mechanics respiration. 
Instead being restricted the epithelium surrounding the vas efferens, 
the Coprinae, the tracheoles extend into the septa (Fig. 16). Sometimes fine 
branches come from the direction the surface. basal folds against the 
germarium, dark-stained cells supplied tracheae are often found (Fig. 11). 
These cells, lying between the gonial cells and the spermatocytes, may have 
some significance connection with the initiation meiosis. 
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The tissue from which the septa are formed the inner surface membrane 
lamellate, least the apical region, where the outer layers not take 
part invagination. 

The development the septa and the broadening the follicle are doubtless 
parallel lines development many points the higher coleopteran 
system. According observations scarabaeids, the main cause the 
septation could increased demand for nourishment, oxygen included. 
small, apparently slow-functioning follicles, like those species 
and Onthophagus, the supply nourishment via the center and surface the 
follicle sufficient for the whole follicle, but not those with diameter 
times larger and containing enormous numbers developing spermatocytes. 
The need for increased food satisfied increasing the surface area 
folding the membrane—a common physiological device under such circum- 
stances. The advantages incurring from these structural changes may 
some extent lessened the folds growing together, but, least where 
most highly developed, Potosia, the actual significance the septum 
system depends communications with the vas efferens and its nourishment 
and oxygen sources. 

some pleurosticts having spherical follicles (see below and Figs. 
and 9), however, the follicle size does not even approach that many non- 
septate laparostictean follicles, but only these pleurosticts that 
spermatogenesis seems occur one time throughout the follicle, which, 
course, increased need for nutrition. 

Another type invagination, more less distinct hollow depression 
extending from the apical surface near the central degenerative tissue, can 
commonly seen pleurosticts and geotrupines (Figs. 10, 17, and 27). 
Two explanations seem possible for this formation. the degenerative tissue 
really has, described Wieman, invaginated from the apex, the depression 
might represent its pathway. The numerous side furrows the depression 
are not easily accounted for, however. the other hand, the developing 
insect testis has large apical nurse cell, Verson’s cell, each follicle. 
adult testes the scarabaeids, Verson’s cells can longer found, but the 
apical depression with its branches might relics the nutritional canals 
the nurse may that both factors are involved, can assumed 
from Griinberg’s (8) observations butterflies. 

Differences the follicle between Potosia cuprea and other pleurosticts 
geotrupines studied here are chiefly due size differences. direct 
correlation seems exist between the breadths the follicle and the vas 
efferens mouth. Considerably rounded follicles with steep vas efferens 
funnel and without mushroom-like base have been found melolonthines, 
rutelines, and geotrupines (Figs. and 9). The last group differs 
from the others because the somewhat coarse structure the follicle. The 
septa are especially thick and distinct. observations made 
young individuals, septum formation takes place later than pleurosticts. 
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Fics. and Potosia cuprea. 
Fic. tangential section showing four obliquely cut septa with their bundles 


black-stained strands; the large black area the left the funnel border. Spermatocysts 
between the septa. 850X. Fic. 14. section parallel and close septum. Funnel 
border the left. Partitioned structure the strands. 1600X. 
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Fics. and Potosia cuprea. 

Fic. 15. Basal folds two septa joining the funnel border. Funnel and the 
spermatogonial area cut away; peripheral, meiotic area with balled sperm bundles the 
background. Fic. 16. transverse section two septa showing cut strands 
(dark) and tracheoles (light). Sperm bundles between the septa. 1600X. 
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Fics. and 18. Photomicrographs Potosia cuprea and Melolontha 

Fic. cuprea. The apical invagination (cf. Fics. and 27). 18. 
hippocastani. Close relationship the degenerating tissue and the wrinkled roof- 
tissue the vas efferens funnel. 200X. 
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Fics. and Copris lunaris and Onthophagus taurus. 

Fic. lunaris. Two spermatocysts embedded abundant somatic tissue. 
Lower left corner, the surface the follicle. Fic. 20. taurus. Basal part 
longitudinal follicle section showing the vas efferens tube and the ascending main 
trachea around it. 
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Fics. and 22. Photomicrographs Aphodius fimetarius and Agriotes mancus 
(Elateridae). 

somatic strand, corresponding the future inside part the vas efferens. 
22. Adult follicle without any internal portion the vas efferens. 
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Fics. 25. Photomicrographs Systenocerus (Lucanidae), Onthophagus 
taurus, and rufipes. 

Fic. caraboides. Follicle anlage pupa, with growing vas efferens tissue 
its basal portion. 200X. Fic. 24. Adult follicle, apical end uppermost, vas 
efferens tube middle. Adult follicle. Two balled sperm 
bundles intruding into the vas efferens capsule, abandoned nurse cells decaying it. 
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Fics. and Scarabaeus laticollis and Tropinota hirta. 
Longitudinal section the follicle (cf. Fic. 3). 27. 
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Discussion 


Observations made early stages gonad development show that the 
testes and ovaries have common origin. Thus the ovarian tubes and testis 
follicles, both developing swellings the genital tube branches, are 
homologous organs While the tubular form retained the ovaries, the 
testis follicles are subject wide variation shape and structure. 

seems highly probable that the form slightly differentiated testis 
follicle should more than simple the case the Odonata 
(see Introduction), group that occupies low position insect phylogeny. 
the Coleoptera, higher group, tubiform follicles are longer present, but 
are replaced pair solid, slender cylinders lower, adephagous, families: 
the Carabidae, Cicindelidae, and Dytiscidae. According Bordas (1), two 
additional principal testis types occur higher, polyphagous, Coleoptera. 
One them, found the Hydrophilidae, Silphidae, Staphylinidae, 
Cantharidae, Cleridae, Elateridae, Coccinellidae*, Tenebrionidae, and some 
Chrysomelidae, seems derived from cylindrical testis formation 
radial the second, typical the Lamellicornia, Cerambycidae, 
most Chrysomelidae, and Curculionidae, the testis composed several 
short follicles, each them presumably being homologous with ovarian 
tube. This type testis not restricted these beetles, but found 
modified, compact form, least Lepidoptera and and own 
observations the late Prof. Federley’s material Helsinki University). 

the Scarabaeidae considerable variation occurs, described earlier 
herein. Valuable information the relationships between different follicle 
forms could doubtless obtained studying the early development the 
testes, but such stages are, course, only occasionally found material 
collected primarily for cytogenetic purposes. Two early stages have been 
found, however, the one corresponding spherical adult follicle phodius 
fimetarius L.), the second mushroom-shaped follicle (in the lucanid 
Systenocerus caraboides L.). both, the anlagen are similar blunt, solid 
swellings the vas efferens, lined epithelial cells, but otherwise very poor 
somatic tissue (Figs. and somatic axis, described 
Demokidoff (6) larval follicle Tenebrio molitor L., visible these 
anlagen. The development the inner part the vas efferens has just 
begun Systenocerus. According Wieman (18, 19), the larval follicles 
Leptinotarsa signaticollis are the same shape. Also comparison with 
simple sac-like adult follicle elaterid, Agriotes mancus Say (Fig. 22), 
reveals striking differences. 

adult scarabaeids, cases most resembling these early stages have been 
found the coprinean genera Copris, Onthophagus, Caccobius, and Sisyphus, 
where the follicle ovoid. The inner part the vas efferens has already 
formed, however. Whether its development due sinking the vas 


*According verbal communication Dr. Smith, Forest Insect Laboratory, Sault 
Ste. Marie, wide variation from simple complicated testis morphology occurs this 


beetle family. 
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its growth into the follicle can decided only further investigation. 
According the pupal follicle Systenocerus (Fig. 23), the latter alternative 
seems more possible. 

Thus the ovoid form, found some the lowest genera Scarabaeidae, 
seems the most primitive type follicle those described this paper. 
Moreover, which perhaps the most primitive genus the 
Scarabaeoidea and 10), the follicle the same form and structure. 
the five genera just mentioned, Copris presumably stands somewhat apart, 
its follicles containing, judging from /unaris, exceptionally dense network 
tracheoles and abundant somatic tissue around the meiotic cysts. 

The size differences the follicles between these species Coprinae are 
chiefly due variations length (Fig. 28), but since both dimensions are 
changeable during follicle development and spermatogenesis, comparisons 
must made cautiously. more species had been available for study, 
perhaps tendency for shortening the follicle the higher representatives 
could have been determined. formerly grouped with 
has distinctly coprinean follicle. 

Another group species, characterized rounded follicles, contains 
laparostictean and some pleurostictean species. these species the size 
differences the follicles are due breadth well length. the 
Aphodiinae the simplest follicle has been encountered Aegialia arenaria. 
seems derived from Onthophagus-like follicle shortening, whereby 
the apical end the vas efferens broadened into oval capsule. phodius, 
exceptional metabolism the follicle has already been observed 
the Aphodiinae and most Coprinae, the spermatocytes well their nurse 
cells grow large. This especially true the genus Aphodius. The 
spermiohistogenesis Aphodius and characterized intensive 
ball formation the sperm bundle. The strong main trachea, typical the 
Coprinae and lacking the Aphodiinae. One species this group 
belongs the Scarabaeus laticollis. Compared with other Coprinae 
and with Aphodiinae, its follicle shows significant structural differences. 
response the follicle shortening, the vas efferens has developed wide 
mouth and assumed spiral form. The short, broad bundle sperm 
Scarabaeus unique among the scarabaeids known size the 
spermatocytes and nurse cells perhaps unusual, but not remarkable 
the Aphodiinae. The Scarabaeus follicle is, despite its rounded form, 
doubt more closely related the Onthophagus-like follicle than the 
aphodiinean follicle. 

The three pleurostictean species with spherical follicles, Serica brunnea L., 
Hoplia coerulea Drury, and Melolontha hippocastani F., belong, according 
Crowson (5), the lower pleurosticts. Especially the first two species, the 
follicle greatly resembles those Aphodiinae, but the proximal part the 
vas efferens always opened the adult follicle. Melolontha, wide 
funnel present, resembling that Scarabaeus. Normal-sized spermatocytes, 
nurse cells, and septate follicles strikingly distinguish these 
pleurosticts from the other species with rounded follicles. 
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Fic. Follicle sizes mm.; length vertical, breadth horizontal. Each value 
mean two follicles, measured with ocular micrometer. 

Group (above). (1) Onthophagus fracticornis (2) Sisyphus 
and Trox Fairm.*; (3) Caccobius (4) Copris lunaris (5) Ontho- 
phagus taurus 

Group (center). (1) Hoplia coerulea and Serica brunnea (2) Aegialia 
arenaria and (3) Ceratophyus typhoeus L.*; (4) Aphodius rufipes 
(5) Geotrupes mutator (6) Geotrupes stercorosus Scriba*; (7) Aphodius fossor 
and Melolontha (8) Scarabaeus laticollis (9) Melolontha 

Group III (below). (1) Blitopertha campestris (2) Anisoplia floricola (3) 
Amphimallon (4) Trichius zonatus Germ.*; (5) Geotrupes niger 
(6) Potosia cuprea (7) Trichius fasciatus (8) Potosia morio (9) Tropinota 
hirta and Oxythyrea funesta (10) aurata (11)Pentodon punctatus 
(12). Oryctes nastcornis 


young, before meiosis. meiosis has begun. middle meiotic 
period. meiotic period nearly ended. old, meiosis passed. 


6 
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third group, yet distinguished, contains follicles the size which 
depends more breadth than length. Except the rutelines 
floricola and Blitopertha campestris Latr., the follicles have the shape 
mushroom and very wide funnel the vas efferens. Except for one 
melolonthine, Amphimallon solstitialis L., all mushroom-shaped follicles belong 
higher pleurosticts. The follicles are always septate, and peculiarities 
spermatogenesis have been found, except the ball formation the sperm 
bundles which occurs some pleurosticts well the Aphodiinae (17). 

There one systematic group that does not fit well into any these follicle- 
form groups, namely the Geotrupinae. Although they have broad follicles 
that are always septate and small spermatocytes and nurse cells, these beetles 
come near the pleurostictean section the family. the other hand, the 
funnel steep, and distinct mushroom-like base developed the follicle. 
Moreover, geotrupines differ from all cytologically known scarabaeids 
having diploid chromosome number 22, not (13 and 14). seems 
that the geotrupine follicle has evolved independently, the septation only 
paralleling that the pleurosticts. Perhaps the primitive follicles this line 
are found among Copris-like follicles, whose structure somewhat 
resembles that the geotrupines. According and Craighead (2) 
and Crowson (5), geotrupines should considered 


scarabaeoid family. 


SCARABAEUS 


COPRINAE 


APHODIINAE 


MELOLONTHINAE 


RUTELINAE 


CETONIINAE 
DYNASTINAE 


NONSEPTATE SEPTATE 


Fic. relationships the scarabaeoid suborders considered this paper, 
according their follicle structure. 

The group Melolonthinae this figure comprises the genera Hoplia, Melolontha, 
Amphimallon, and Serica; the group Rutelinae, genera and Blitopertha; the 
group Cetoniinae, genera Cetonia, Potosia, Oxythyrea, Tropinota, and Trichius. 
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recapitulate, tendency shorten, round out, and, finally, broaden 
the follicle seems characterize the process differentiation the higher 
scarabaeoids from the primitive ones. The presumed relationships are given 
diagrammatically Fig. 29, which only the main follicle features have been 
taken into consideration. 
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OPHRYOCOTYLE BRASILIENSIS SP. NOV. (DAVAINEIDAE) 
FROM HOPLOXYPTERUS CAYANUS (LATH.)! 


MAHON 


Abstract 


Ophryocotyle brasiliensis sp. nov., Davaineidae Fuhrmann, 1907 described 
from charadriiforme bird from Brazil. 


vial, containing single tapeworm, was forwarded the Institute 
Parasitology Dr. Ernst Mayr, Museum Comparative Zoology, Harvard 
College, who received the material from Dr. Helmut Sick the 
Brasil Central. Although the anterior end the worm was lacking 
obviously new species the genus Ophryocotyle. 


Davaineidae Fuhrmann, 1907: Ophryocotylinae Fuhrmann, 1907 


Ophryocotyle brasiliensis sp. nov. 

The length the strobila mm. and its maximum width 4mm. The 
material was contracted. All segments are wider than long. The genital 
pores are regularly alternating. Calcareous bodies are concentrated mainly 
the cortex. 

The paired longitudinal dorsal and ventral excretory vessels were seen, but 
the dorsal and ventral transverse commissures which occur this genus were 
not observed. 

The muscular system well developed. The longitudinal cortical muscles 
are arranged two well-defined bands. The inner layer composed from 
100 120 bundles, each made from fibers. The outer layer 
consists from 130 150 bundles, each with fibers (Fig. 1). There 
are three layers transverse fibers. The outer runs between the subcuticular 
region and the outer band longitudinal muscles, the middle one between the 
outer and inner bands longitudinal muscle, and the innermost separates the 
cortex from the medulla. The latter crossed isolated dorsoventral fibers. 

Paired, clearly defined, longitudinal nerve trunks are situated laterally 
the excretory vessels. 

was not possible determine the number testes. The vas deferens 
slightly coiled and enters the cirrus pouch without forming external 
seminal vesicle. The cirrus pouch large and muscular, and provided 
with distal sphincter. Seen whole mounts, measures 495 564 and 
has maximum width 155 170 distal part the cirrus pouch 
can everted into the genital atrium, and this portion covered with spines, 
the distal part the cirrus (Fig. The invaginated cirrus 

1Manuscript received January 16, 1957. 
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coiled, and the proximal part the cirrus pouch, expands form 
small, muscular, internal seminal vesicle. The genital atrium large but not 
muscular. Its distal part provided with spines. 

One would expect the vagina this worm well-developed, but 
apparently insignificant the specimen studied. opens ventral the 
cirrus pouch and the genital ducts pass between the excretory vessels and 
dorsal the nerve. receptaculum seminis present. The ovary fan- 
shaped, extended laterally, and slightly lobed. The vitelline gland 
posterior the ovary and the Mehlis’ gland present. The young, tubular 
uterus branches rapidly, sending ramifications throughout the 
These become filled with eggs, and the highly lobed uterus eventually fills the 
whole segment. does not break down into egg capsules. The eggs are 


Ophryocotyle brasiliensis 
Fic. Transverse section ripening segment. Dorsal view cirrus 
pouch. Egg. 
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and are enclosed within two shells, the outer one 
being finely decorated (Fig. 3). 
Host: Hoploxypterus cayanus (Lath.) (Charadriiformes). 
Locality: Brazil. 
Type specimen: U.S. National Museum, Washington, D.C., Helmintho- 
logical Collection. 


Discussion 

This worm clearly new species Ophryocotyle Friis, 1869 and although 
lacks scolex and segments which the number testes may counted, 
the description therefore being incomplete, the author proposes that 
erected new species. 

The species Ophryocotyle that have been recorded date are: 

proteus Friis, 1869, synonym: Villot, 1875. 

1890, synonym: alaskensis, Webster, 1949. 

von Linstow, 1906. 

herodiae Fuhrmann, 1909, synonym: Joyeux and Baer, 1939. 
turdina Cholodkovsky, 1913. 

minutum Endrigkeit, 1940. 

Ophryocotyle larva described Crewe, 1951. 

discussion this genus elsewhere, the author (4) noted that the most 
reliable specific characters are: the number testes, the number bundles 
and fibers per bundle the longitudinal musculature, the size the cirrus 
pouch, and the size the eggs. The table shows the measurements for the 
species listed above, except for turdina recorded from Turdus sp. (Passeri- 
formes) from Russia, the original description which insufficient. 

minutum described Endrigkeit (2) having rostellum armed with 
crown very small hooks and round body which not divided into 
proglottids. This the only description gives. 

brasiliensis, zeylanici, the genital ducts pass between the 
excretory canals and not dorsal them, the arrangement found the other 
species the genus. may seen from the table, the cirrus pouch, the 
number muscle bundles, and the size the eggs greater the Brazilian 
material than the other species. This the first record species 
Ophryocotyle from South America. 
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THE EFFECT AGE AND THE PLANE 
NUTRITION THE BLOOD CHEMISTRY THE 
COLUMBIAN BLACK-TAILED DEER (ODOCOILEUS 
HEMIONUS COLUMBIANUS) 


BLOOD GLUCOSE, NON-PROTEIN NITROGEN, TOTAL PLASMA PROTEIN, 
PLASMA ALBUMIN, GLOBULIN, AND FIBRINOGEN! 


Abstract 


The blood sugar, non-protein nitrogen, total plasma protein, plasma albumin, 
globulin, and fibrinogen the Columbian black-tailed deer have been studied 
two series animals reared high and low planes nutrition from birth 
465 days age. these blood constituents only blood sugar and fibrinogen 
showed measurable lowering the low plane animals. Age changes have 
been noted that are independent nutritive state but are similar those 
reported for domestic ruminants. 


Introduction 


The normal values for packed cell volume, sedimentation rate, and 
haemoglobin level the Columbian black-tailed deer relation age and 
plane nutrition have been presented report records comparable 
values show the influence age and plane nutrition the blood sugar 
level and certain the nitrogenous blood constituents. hoped that 
knowledge the relationship these blood elements the age and nutritive 
state may lead better understanding the growth and environmental 


physiology this species. 
Methods and Materials 


(a) Experimental Animals 

description the experimental animals, the details their dietary 
regimen, and the methods used for the procurement the blood samples have 
already been recorded (5). suffices here state that the high plane 
nutrition represented near full feed intake ration known composition 
while the low plane animals were restricted 60% the intake their high 
plane counterparts equivalent body weight. 


(b) Analytical Procedures 
(t) Blood Sugar 
Blood sugar determinations were carried out the method Benedict 
using oxalated whole blood filtrates rendered protein-free tungstic acid 
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precipitation procure clearer supernatants centrifugation was used 
preference the usual filtration. The boiling time the blood sugar tubes 
was increased from the recommended minutes minutes ensure 
complete precipitation the cuprous oxide. The blood sugar levels obtained 
may slightly above the true glucose level since has been shown that the 
Benedict alkaline copper reagent may react with other reducing substances 
the blood supernatant The intensity the phosphomolybdic acid color 
complex was measured after minutes using Model 11A Coleman 
spectrophotometer. 

Non-protein Nitrogen 

This blood fraction was determined using slight modification the 
digestion method Folin and The reagents and,methods employed 
for the distillation and titration were those suggested Steyermark (9). 

Total Plasma Protein, Albumin, Globulin, and Fibrinogen 

The blood proteins were determined using the methods given Hawk al. 
(3) with the exception that ammonia was determined distillation into 
boric acid. Recovery trials using egg albumin indicated that experimental 
error 2.22% could expected. 

Statistical 

The methods Snedecor were used (7). 


Results and Discussion 


(A) Blood Sugar 

The influence age and plane nutrition the blood sugar level 
fawns and yearling presented Table The rather high standard 
deviations recorded reflect the wide range values obtained. Despite the 
fact that the animals were reared under conditions domestication, they 
remained highly excitable when subjected the physical restraint that was 
necessary for the drawing blood samples. Each animal varied its 


TABLE 


BLOOD GLUCOSE LEVELS COLUMBIAN BLACK-TAILED DEER (MG.%) 


High Low Means for 
Date sample Age days plane means plane means total sample 


July 
July 
July 
Aug. 
Aug. 
Sept. 


July 
July 
Aug. 
Aug. 
Sept. 


oo 
w 


Une 


*Standard error. 
low plane animals were switched the high plane Sept. 
animal. 


85.4+1 90.2+14.1 
392 
402 
414 
442 
465 
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response, hence tempting suggest that part the variability encoun- 
tered can attributed differences neuroendocrine response the 
the time ingestion the morning feeding relative the time withdrawal 
the blood samples may have influenced the individual blood sugar levels. 

The blood sugar levels the fawns birth closely approximate the range 
values expected the monogastric animals. After days the level 
had fallen approximately one-half the initial value and continued decline 
until the adult level was reached weaning age (120 days). The difference 
indicated between and days, between and days, and between the 
underyearling and yearling groups are significant the 0.05 level. Several 
other workers (6, have noted similar declining pattern blood sugar 
change other young ruminants. They have suggested that the decline 
parallels the development the functional rumen and incident shift 
diet from milk hay. the present experiments milk was the sole diet 
prior days age. From this age 120 days the diet consisted 
gradually diminishing amounts milk and increasing amounts solid feed. 
Jacobson al. (4) have reported that delayed rumination induced the 
prolonged feeding milk growing calves did not affect the pattern blood 
glucose changes noted other calves which normal rumen development 
was allowed proceed. The present findings lend support those 
Jacobson al. and suggest that the metabolic changes that must occur 
coincident with the declining blood sugar level occur response some 
controlling mechanism other than the absorption free fatty acids from 
the functioning rumen. Since weaning occurs wild reared fawns 
about the age used the present experiments, likely that the same time 
sequence blood sugar changes occurs wild fawns. 

The fluctuations the blood sugar level the yearling deer probably 
represent responses the increased summer growth rate, followed the 
decreased growth and feed intake that has been noted the autumn. 

apparent from the results Table that the restriction caloric 
intake the low plane animals has led decrease blood sugar level. 
The decrease the case the fawns borders statistical significance while 
that the yearlings definitely significant <.05). The failure the 
fawns respond markedly the yearlings can explained the fact 
that the difference caloric intake between the high and low plane animals 
could not always maintained the predetermined level owing refusal 
the high plane animals consume four feedings their allotted amount 
milk each feeding. This inevitably led narrowing the difference 
caloric intake between the two groups. The low plane animals were raised 
the high plane nutrition September first. This reflected 
increase the blood sugar levels the low plane animals those the high 
plane September 23. The mean values for blood sugar given Table 
are derived from both high and low plane each case. They are presented 
this way since believed that the mean values probably will represent the 
mean and standard error the average wild population. 
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(B) The Non-protein Nitrogen the Blood (NPN) 

This fraction includes urea, amino acids, uric acid, creatine, creatinine, and 
“undetermined Variations the blood level this fraction 
normally reflect fluctuations the urea concentration since this compound 
contributes from 45% the total non-protein nitrogen. Reference 
Table shows that the NPN deer blood increases from mean 29.33 
blood nitrogen occurs over the same time interval. The NPN fraction 


TABLE 


BLOOD NON-PROTEIN NITROGEN LEVELS COLUMBIAN BLACK-TAILED DEER (MG.%) 


High Low Means 
Date sample Age days plane means plane means entire sample 


July 9.03 24.76+ 4.79 28.01+ 6.94 
July 33.00+ 6.76 9.94 
Sept. 100 45.50+ 6.12 44.52+ 6.09 5.75 


July 392 35.00+10.84 4.82 07+ 7.51 
Sept. 465 48.81+ 0.19 3.29 
July 12-Sept. 392-465 9.41 


*Standard error, four animals. 
animal. 


constitutes 3.6% the total nitrogen the fawns and 4.2% the yearlings 
thus indicating that this fraction increases relatively more than the total 
blood nitrogen. This greater increase probably can explained, part, 
the higher biological value the protein the fawns’ diet. The range 
variation NPN values from sample sample such that would obscure 
any differences between high and low plane animals and hence suggests that 
this blood fraction will have little value determining the environmental 
status wild taken deer. similar variability the NPN the blood 
beef cattle has been recorded Colby al. (1) experiments designed 
determine the correlation between certain blood constituents and growth rate. 
Costa al. (2) have reported considerable variation the NPN normal 
dogs. The mean NPN for fawns and yearlings was 38.85 9.89 mg.% and 
can probably regarded reasonable expression this fraction the 
blood the Columbian black-tailed deer age 465 days. 


(C) Total Plasma Proteins 
The values obtained for the protein constituents the blood plasma are 
presented Table III. Considering first the influence age the protein 
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fractions would appear that the total protein declines from birth during the 
rapid phase early growth. The mean value obtained for animals over the 
age range 20-100 days 5.65+1.1g.%. Comparable values for yearling 
deer are 

the case the plasma albumin the mean value for the fawns was 
and for the yearlings For the globulins the 
corresponding values are and 


The fibrinogen level appears decline with age from mean value 
for fawns for yearlings. While there significant 
difference between fibrinogen levels between the high and low plane fawns, 
the low plane yearlings show significantly higher level <.01) than the 
high plane animals. The values are 0.41 and Elevated fibrinogen 
levels are sometimes taken indicate tissue injury inflammatory loci. 
the present experiments satisfactory explanation can offered for the 
elevated fibrinogen levels noted the low plane yearling deer. 

The mean albumin globulin ratio for the fawns from 100 days 
age was 2.2 and the yearlings can offered for 
the extreme variability the Noapparent pathological conditions 
existed over the course the experiments. mean values (derived from 
our entire experimental group deer) approximate those reported for other 
species. They are the mean values for eight animals each sampling time 

The primary objective the work reported earlier (5) and the present 
study was establish basic blood parameters for black-tailed deer relation 
normal growth. permit the interpretation the normal, equal 
number animals was reared under conditions restricted growth induced 
reduced caloric intake. was hoped that the observations would provide 
criteria value for the assessment the status individuals taken from 
wild populations. 

Distinct differences the blood sugar level have been noted between 
animals high and low planes nutrition. Before the value this 
observation the appraisal wild conditions can determined, will 
necessary sample wild populations and determine the influence field 
circumstances the procurement blood the variability field values. 
This study planned. Similar distinct changes the other blood constituents 
have not been detected the present work. Such differences may exist but 
has not been possible dissociate them from the changes that arise during 
the normal course advancing age. While true that the age changes 
the blood constituents reveal many the features established for domestic 
ruminants, this complicated the deer growth progression interrupted 
during the winter period apparently homeostatic mechanisms that are 
independent nutritional plane and sexual activity. 


BANDY AL.: BLOOD CHEMISTRY DEER 


References 


blood constituents rate gain beef cattle. Animal Sci. 652 (1950). 

Costa VAL, and das taxas nitrogenio nao proteico 
glicose sangue caes. Arg. Esc. Sup. Vet., Univ. Rural, Minas Gerais. 
(1950). (Jn Nutrition Abstr. Revs. (4) 900 (1952).) 

Hawk, B., Oser, L., and Practical physiological chemistry, 
13th ed. The Blakiston Co., N.Y. 1954. 

L., ALLEN, and BELL, The effect various feeding systems 
growth and certain blood constituents dairy calves. Animal Sci. 10, 1050 (1951). 
Kitts, D., J., J., and Cowan, McT. Effect age and plane 
nutrition the blood chemistry the Columbian black-tailed deer (Odocoileus 
hemionus columbianus). Can. Zool. 34, (1956). 

various species ruminants incident functional development rumen. Am. 
Physiol. 162, (1950). 

SNEDECOR, Statistical methods. Iowa State College Press, Ames, Iowa. 1946. 

and GoppEN, The sugar and total ketone content the blood ewes 
and their new-born lambs. Biochem. 32, (11) (1938). 

STEYERMARK, Quantitative organic microanalysis. The Blakiston Co., N.Y. 1951. 


| 
| 
| 
| 
. 


291 


NOTES 


NEMATODE PARASITES SEALS THE EASTERN 
CANADIAN ARCTIC 


Betty 


During 1949 1955, nematodes parasitic the stomach seals have been 
Ian McLaren under the auspices the Eastern Arctic Investigations the 
Fisheries Research Board Canada. These have been sent the Institute 
Parasitology for identification. Three species ascaroid nematodes have 
been found. 

Contracaecum osulatum (Rud., 1802) Baylis, 1920 was found Erignathus 
barbatus (O. Miiller) Erxleben from Tunnusaksuk Ungava Bay (1949), 
Diana Bay (1950), and Coral Harbour, Southampton Island (1955); 
Phoca Erxleben from Button Islands (1949); Phoca hispida 
Schrober from Port Burwell, Ungava Bay (1949), Herschel Islands (1951), 
and southwest Baffin Island (1953); Phoca vitulina southwest Baffin 
Island (1954). 

Porrocaecum decipiens (Krabbe, 1878) was found Erignathus barbatus 
from Diana Bay (1950), Port Burwell, Ungava Bay (1949), Koskoak River, 
Ungava Bay (1949), and Northwest River, George River Mouth (1950); 
Phoca hispida from southwest Baffin Island Phoca vitulina from 
Button Islands (1950) and southwest Baffin Islands (1954). 

Phocascaris sp. was found Phoca hispida from southwest Baffin Island 
(1954). 
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ASCAROID PARASITES HARP SEALS (PHOCA GROENLANDICA ERXLEBEN) 
FROM THE MAGDALEN ISLANDS, QUEBEC 


Betty 


From March May 1956, the stomachs 195 adult harp seals whelping 
the area the Magdalen Islands, Province Quebec, were examined for 
the presence nematode worms. Forty these seals contained worms, 
124 contained Contracaecum osulatum (Rud., 1802), Porrocaecum decipiens 
(Krabbe, 1878), Phocascaris sp. With two exceptions, seals were infected 
with single species; the two exceptions both Contracaecum and 
Porrocaecum occurred. 
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total 6991 Contracaecum was counted, 13% being mature females, 
males, and 69% immature. There was average worms each 
seal. total 855 Porrocaecum was counted, being mature females, 
males, and 90% immature. There was average worms each seal. 

total worms identified Phocascaris was counted, were mature 
females and males. There were immature worms, some which might 
belong the genus Contracaecum because the lack development the 
cephalic structures used for the separation the adults these two genera. 

The writer gratefully acknowledges the assistance the Director and staff 
the Marine Biology Laboratory, Quebec Department Fisheries, the 
Magdalen Islands. 
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Notes Contributors 


Manuscripts 
(i) General 

Manuscripts, English French, should typewritten, double spaced, paper 
The original and one copy are submitted. Tables and captions for 
the figures should placed the end the manuscript. Every sheet the manuscript 
should numbered. 

Style, arrangement, spelling, and abbreviations should conform the usage this 
journal. Names all simple compounds, rather than their formulas, should used the 
text. Greek letters unusual signs should written plainly explained marginal notes. 
Superscripts and subscripts must legible and carefully placed. 

Manuscripts and illustrations should carefully checked before they are submitted. 
Authors will charged for unnecessary deviations from the usual format and for changes 
made the proof that are considered excessive unnecessary. 

(ii) Abstract 

abstract not more than about 200 words, indicating the scope the work and 
the principal findings, required, except Notes. 

References should listed alphabetically authors’ names, numbered, and typed 
after the text. The form the citations should that used this journal; references 
papers periodicals, titles should given and inclusive page numbers are required. The 
names periodicals should abbreviated the form given the most recent List 
Periodicals Abstracted Chemical Abstracts. All citations should checked with the original 
articles, and each one referred the text the key number. 

(iv) Tables 

Tables should numbered roman numerals and each table referred the text. 
Titles should always given but should brief; column headings should brief and descrip- 
tive matter the tables confined minimum. Vertical rules should used only when 
they are essential. Numerous small tables should avoided. 


Illustrations 
(i) General 
All figures (including each figure the plates) should numbered consecutively 
from up, arabic numerals, and each figure should referred the text. The author’s 
name, title the paper, and figure number should written the lower left-hand corner 
the sheets which the illustrations appear. Captions should not written the 
illustrations (see Manuscripts (i) 
(ii) Line drawings 
Drawings should carefully made with India ink white drawing paper, blue tracing 
linen, co-ordinate paper ruled blue only; any co-ordinate lines that are appear 
the reproduction should ruled black ink. Paper ruled green, yellow, red should 
not used unless desired have all the co-ordinate lines show. All lines should 
sufficient thickness reproduce well. Decimal points, periods, and stippled dots should 
solid black circles large enough reduced necessary. Letters and numerals should 
neatly made, preferably with stencil (do NOT use typewriting), and such size 
that the smallest lettering will not less than mm. high when reproduced cut in. wide. 
Many drawings are too large; originals should not more than times the 
size the desired reproduction. large drawings groups drawings the ratio height 
width should conform that journal page but the height should adjusted make 
allowance for the caption. 
The original drawings and one set clear copies (e.g. small photographs) 
are submitted. 
(iii) Photographs 
Prints should made glossy paper, with strong contrasts. They should 
trimmed that essential features only are shown and mounted carefully, with rubber cement, 
white cardboard with space only very small space (less than mm.) between them. 
mounting, full use the space available should made (to reduce the number cuts 
required) and the ratio height width should correspond that journal page 
in.); however, allowance must made for the captions. Photographs groups 
photographs should not more than times the size the desired reproduction. 
Photographs are submitted duplicate; they are reproduced 
groups one set should mounted, the duplicate set unmounted. 


Reprints 

total reprints each paper, without covers, are supplied free. Additional 
reprints, with without covers, may purchased. 

Charges for reprints are based the number printed pages, which may calculated 
approximately multiplying 0.6 the number manuscript pages (double-spaced type- 
written sheets, in.) and including the space occupied illustrations. additional 
charge made for illustrations that appear coated inserts. The cost per page given 
the reprint requisition which accompanies the galley. 

Any reprints required addition those requested the author’s reprint requisition 
form must ordered officially soon the paper has been accepted for 
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